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Abstract 


Two  microcircuits  with  electrically  erasable  programma¬ 
ble  logic  arrays,  which  use  Fowler-Nordheim  (F-N)  tunneling 
for  both  programming  and  erasing,  were  designed  to  demon¬ 
strate  the  use  of  programmable  logic  for  obsolete  TTL  logic 
replacement.  Each  microcircuit  was  fabricated  in  the  Orbit 
2-micron  double-poly  low  noise  analog  CMOS  process  through 
MOSIS.  Software  to  generate  VHDL  structural  models  from  a 
pin  list  was  developed  and  the  logic  of  both  designs  was 
verified  by  simulation  using  the  Zycad  VHDL  simulator. 

The  first  microcircuit  included  a  simple  programmable 
logic  circuit  and  test  cells  that  allowed  measurement  of  the 
programming  characteristics  of  the  floating  gate  transis¬ 
tors.  Test  results  on  this  microcircuit  show  a  wide  vari¬ 
ance  of  programmability  even  between  similar  transistors  on 
the  same  die.  Some  evidence  of  F-N  tunneling  from  the 
control  gate  to  the  floating  gate  was  also  noted. 

The  second  microcircuit  was  designed  to  emulate  the 
loqic  of  a  group  of  combinational  TTL  circuits.  VHDL  simu¬ 
lation  was  successful  for  each  emulation.  Device  testing 
provided  limited  results  due  to  a  design  error;  however, 
successful  emulation  of  two  sections  of  a  7400  quad-NAND 
circuit  was  achieved. 
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ELECTRICALLY  ERASABLE  PROGRAMMABLE  INTEGRATED  CIRCUITS 
FOR  REPLACEMENT  OF  OBSOLETE  TTL  LOGIC 

I .  Introduction 

Background 

Since  the  late  1960 's  Integrated  Circuits  (ICs)  have 
b^en  used  extensively  in  weapons  systems  designs.  Advances 
in  IC  manufacturing  technology  make  older  IC  designs  obso¬ 
lete.  Since  the  more  recently  designed  ICs  are  faster,  have 
better  drive  characteristics,  use  less  power,  and  implement 
more  functionality  in  a  given  package  size,  designers  use 
the  newer  ICs  in  new  designs.  This  leads  to  a  decrease  in 
demand  for  older  types  which  reduces  the  profitability  of 
manufacturing  these  types.  Eventually,  manufacturers  will 
discontinue  manufacturing  the  components  with  reduced  de¬ 
mand. 

Weapons  systems  have  an  extended  lifetime  when  compared 
to  commercial  systems,  which  creates  a  need  for  replacement 
ICs  in  weapons  systems  after  the  large  volume  requirements 
of  commercial  systems  have  ceased  and  the  manufacturers  have 
ceased  production.  This  need  is  often  met  by  purchasing 
enough  of  any  given  type  of  component  to  meet  the  expected 
demand  for  that  component  for  the  projected  lifetime  of  the 
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system  in  which  it  is  used.  Shortages  of  components  can 
still  occur  when  demand  for  a  given  component  exceeds  the 
expected  demand,  components  are  used  to  manufacture  replace¬ 
ment  subassemblies,  or  a  component  type  is  discontinued 
without  sufficient  notice  to  allow  lifetime  purchases. 

Many  of  the  devices  used  from  1968  to  the  present 
belong  to  the  Transistor-Transistor  Logic  (TTL)  family. 
Sub-groups  of  the  TTL  family  are  Standard  TTL  (referred  to 
as  TTL,  which  is  also  the  generic  description  of  each 
sub-group) ,  Low  Power  TTL  (LTTL) ,  High  Power  TTL  (HTTL) , 
Schottky  TTL  (STTL) ,  Low  Power  Schottky  TTL  (LSTTL) ,  Ad¬ 
vanced  Schottky  TTL  (ASTTL) ,  Advanced  Low  Power  Schottky  TTL 
(ALSTTL) ,  and  some  less  common  variants.  All  members  of  the 
TTL  family  are  classified  as  bipolar  devices  because  bipolar 
transistors  are  used  throughout  the  devices.  Certain  mem¬ 
bers  of  the  TTL  family  of  ICs  are  becoming  obsolete.  Part 
types  which  are  presently  being  affected  are  members  of  the 
Standard  TTL,  LTTL,  and  HTTL  sub-groups. 

Several  methods  for  providing  replacements  for  obsolete 
ICs  have  been  proposed.  The  use  of  substitute  parts  is 
appropriate  and  cost  effective  when  such  substitutes  are 
available.  Re-opening  the  manufacturing  lines  and  making 
new  parts  using  the  original  designs  is  possible  when  the 
original  design  is  available,  but  is  an  expensive  option. 
Device  arrays  (semiconductor  devices  which  consist  of  an 
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array  of  transistors,  resistors,  capacitors  and  diodes  which 
are  interconnected  by  the  metallization  layers  in  a  final 
manufacturing  step)  emulate  obsolete  devices  at  an  interme¬ 
diate  cost.  Finally,  the  use  of  components  which  are  spe¬ 
cifically  designed  to  be  programmed  before  use,  and  which 
can  emulate  many  different  parts,  may  be  the  least  expensive 
method  of  providing  replacements  for  unavailable  obsolete  IC 
types  which  have  no  suitable  substitutes. 

An  ideal  replacement  integrated  circuit  would  perform 
identically  to  the  IC  being  replaced  in  all  circuits  in 
which  the  original  IC  is  used.  Ideally,  all  circuits  in 
which  the  original  IC  is  used  should  have  been  designed  such 
that  they  rely  only  on  the  published  specifications  of  the 
IC  and  any  IC  meeting  the  parametric  specifications  of  the 
original  should  perform  correctly.  In  practice,  a  circuit 
may  rely  on  characteristics  of  the  original  IC  which  are  not 
strictly  specified.  One  extreme  example  might  be  a  circuit 
which  relies  on  the  fact  that  a  given  IC  sources  a  certain 
amount  of  current  at  a  given  input.  While  the  amount  of 
current  which  flows  out  of  an  input  pin  when  it  is  held  low 
may  be  specified  as  typical  and  maximum  values,  a  minimum 
may  have  been  assumed  such  that  a  replacement  IC  which  meets 
all  of  the  specifications  of  the  original  IC  but  sources 
much  less  current  at  the  input  may  not  function  correctly  in 
the  circuit.  Examples  of  other  characteristics  of  an  IC 
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which  may  not  be  specified  but  which  may  be  critical  to 
correct  operation  in  certain  circuits  include  output  rise 
time  (where  a  maximum  is  specified  but  no  minimum  is  speci¬ 
fied)  ,  output  drive  capability,  and  anomalous  outputs  which 
may  occur  under  certain  conditions  which  a  given  circuit  may 
require  for  correct  operation.  This  type  of  dependence  on 
non-specification  values  (or  better  than  specification 
values)  may  occur  when  a  design  engineer  builds  a  prototype 
circuit  which  functions  correctly  even  though  an  analysis  of 
the  circuit  operation  using  worst  case  values  for  the  speci¬ 
fied  parameters  may  show  that  proper  operation  is  not  guar¬ 
anteed  by  the  specifications.  Some  circuits  which  depend  on 
these  unspecified  characteristics,  or  require  performance 
characteristics  which  significantly  exceed  the  specifica¬ 
tions  of  the  devices  used,  may  operate  properly  only  with 
devices  from  an  individual  vendor  or  only  with  devices 
hand-picked  to  operate  in  the  circuit.  Thus  the  problem  of 
developing  a  replacement  IC  which  will  function  correctly  in 
almost  all  circuits  in  which  the  original  IC  was  used  is 
more  than  simply  meeting  all  of  the  published  specifications 
of  the  original  part. 

Problem 

A  programmable  device  which  can  replace  many  different 
TTL  devices  is  needed.  The  device  should  be  capable  of 
emulating  the  logic  functions  of  the  chips  to  be  replaced  as 


4 


well  as  meeting  the  published  timing,  logic  level,  drive, 
and  input  source  specifications  of  the  ICs  to  be  replaced. 
While  the  device  may  be  fabricated  in  a  CMOS  technology,  it 
must  not  exhibit  latchup  or  other  destructive  modes  of 
operation  when  subjected  to  conditions  which  might  be  found 
in  actual  operation. 

Scope 

The  scope  of  this  project  was  limited  to  developing  a 
replacement  demonstration  IC  which  is  electrically  erasable 
and  can  be  programmed  to  emulate  certain  TTL  components. 

The  IC  developed  during  this  project  was  packaged  in  a 
standard  40  pin  package,  and  is  therefore  not  suitable  for 
actual  replacement  use. 

Methodology 

Two  microcircuits  were  developed.  The  first 
microcircuit  was  designed  to  demonstrate  programmable  float¬ 
ing  gate  transistors  and  a  rudimentary  programmable  logic 
circuit.  This  circuit  includes  programmable  test  transis¬ 
tors  which  were  used  to  determine  the  programming  and  eras¬ 
ing  characteristics  of  floating  gate  transistors  manufac¬ 
tured  in  the  MOSIS  Low  Noise  Analog  (LNA)  process.  These 
transistors  use  Fowler-Nordheiro  tunneling  for  charge  trans¬ 
fer  to  and  from  the  floating  gates. 

The  second  microcircuit  has  a  complex  programmable 
logic  array  which  is  capable  of  emulating  several 
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combinational  TTL  logic  components.  Program  patterns  were 
developed  for  the  second  microcircuit  to  demonstrate  TTL 
emulation. 

In  both  cases,  VHDL  models  were  used  to  demonstrate 
correct  design  and  to  test  program  patterns. 

Presentation 

A  review  of  the  literature  on  obsolete  integrated 
circuit  replacement  options,  Fowler-Nordheim  tunneling,  and 
floating  gate  transistors  is  presented  in  Chapter  II.  A 
description  of  the  design,  VHDL  model,  test  apparatus,  and 
test  results  for  the  first  test  microcircuit  are  presented 
in  Chapter  III.  Chapter  IV  contains  the  description  of  the 
design,  VHDL  model,  test  apparatus,  and  test  results  for  the 
second  test  microcircuit.  A  summary  of  the  work  performed, 
conclusions  reached,  recommendations  for  further  research, 
and  some  lessons  learned  during  the  research  effort  are 
presented  in  Chapter  V.  Additional  information,  including 
software  programs  developed  during  the  course  of  the  re¬ 
search,  complete  schematic  diagrams  of  each  of  the 
microcircuits,  and  the  VHDL  models  for  each  of  the 
microcircuits  is  presented  in  the  appendices. 
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II.  Literature  Review 
Integrated  Circuit  Replacement  Options. 

Modern  weapons  systems  have  a  long  life  compared  to 
systems  of  similar  complexity  used  in  the  private  sector. 

The  weapons  system  manager  must  make  repair  components 
available  during  the  extended  lifetime  of  the  system,  and, 
if  the  manufacture  of  any  higher  assembly  that  incorporates 
the  component  becomes  necessary,  he  must  also  ensure  that 
small  production  quantities  of  the  components  are  available. 
One  type  of  repair  component  that  presents  special  problems 
in  weapons  system  support  is  the  Integrated  Circuit  (IC) . 

Of  the  37,000  IC  types  stocked  by  the  government,  it  is 
estimated  that  24,000  bipolar  IC  types  will  go  out  of  pro¬ 
duction  in  the  next  several  years  [1]. 

One  reason  that  integrated  circuits  are  more  difficult 
to  support  than  many  other  types  of  components  is  that 
technology  obsolescence  and  low  demand  for  older  part  types 
lead  to  the  original  manufacturer  discontinuing  the  manufac¬ 
ture  of  these  types  [2].  The  commercial  market  ends  up 
concentrating  on  the  newest,  most  profitable  technologies  at 
the  expense  of  the  users  of  older,  less  profitable  lines. 
Government  agencies  can  no  longer  procure  entire  families  of 
parts,  such  as  the  Diode-Transistor  Logic  family,  from  the 
original  manufacturers.  Suggested  methods  of  obtaining 
presently  unavailable  (or  soon  to  become  unavailable)  IC 
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types  or  suitable  replacements  include:  make  lifetime  buys, 
transfer  the  obsolete  technologies  to  companies  that  would 
specialize  in  supporting  obsolete  IC  types,  substitute 
modern  types  for  obsolete  types,  reverse  engineer  and  reman¬ 
ufacture  obsolete  ICs,  develop  device  arrays  that  can  emu¬ 
late  obsolete  ICs,  and  emulate  obsolete  types  with  program¬ 
mable  components. 

Lifetime  Buys.  The  lifetime  buy  is  the  traditional  method 
for  supporting  obsolescent  IC  types  [3].  When  a  manufactur¬ 
er  notifies  the  DOD  that  a  particular  component  type  is 
about  to  be  discontinued,  an  estimation  is  made  of  the 
quantity  of  components  required  to  support  systems  that 
incorporate  the  component  for  the  predicted  lifetimes  of  the 
systems  and  the  estimated  number  of  components  are  purchased 
as  spare  parts.  Difficulties  with  this  method  include 
accurately  estimating  the  number  of  components  required  and, 
in  some  cases,  insufficient  lead  time  to  develop  a  plan  for 
supporting  the  IC. 

Technology  Transfer.  The  quantity  of  obsolete  components 
required  to  support  weapons  systems  is  small  in  comparison 
to  commercial  production  quantities;  however,  sufficient 
demand  may  exist  to  support  companies  formed  with  the  spe¬ 
cific  purpose  of  providing  such  obsolete  components.  One 
such  company,  Lansdale  Transistor  and  Electronics,  has 
purchased  the  rights  to  and  the  production  line  for  the 
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Sylvania  Universal  High  Level  Logic  family  of  obsolete  ICs 
[4].  Arnold  Stensrude,  director  of  marketing  for  military 
IC  products  at  Motorola,  has  suggested  that  the  government 
"adopt  a  plan  and  [periodically]  transfer  older  military 
integrated  circuit  technologies  to  the  after-market  manufac¬ 
turer  [  2  ] .  " 

Substitution.  Substituting  similar  types  of  available  ICs 
for  no  longer  available  types  is  a  cost  effective  alterna¬ 
tive  to  exact  replacements.  For  several  reasons,  this 
method  is  not  always  applicable.  First,  vendor  specific 
chips  and  the  use  of  increasingly  complex  chips  in  military 
systems  may  mean  that  no  suitable  substitute  IC  exists  [2]. 
Second,  determining  which  characteristics  of  an  IC  are 
critical  to  proper  operation  in  a  circuit  may  be  difficult 
or  impossible.  King  [5]  states  that  having  an  application 
including  several  dozen  other  ICs  and  their  interconnects 
would  aid  in  the  analysis  process.  In  addition,  the  un¬ 
available  IC  may  be  used  in  many  different  circuits,  some  of 
which  may  rely  on  "undocumented  or  unspecified  parameters" 
possibly  making  the  choice  of  a  substitute  IC  dependent  on 
the  target  application  [1]. 

Automated  analysis  techniques  have  been  suggested  for 
applying  a  specific  substitution  technique.  The  lack  of 
data  bases  of  designs  in  machine  readable  formats  may  hinder 
such  an  effort.  Other  aids  to  substitution  of  IC  types 
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include  pin  scramblers  and  small  ceramic  carriers  mounting 
small  outline  IC  packages  [5], 

Reverse  Engineering  and  Remanufacturing.  The  obsolete  IC 
procurement  problem  is  made  worse  by  the  lack  of  adequate 
parts  documentation.  For  ICs  added  to  the  inventory  in  the 
future,  it  has  been  suggested  that  each  new  part  be  fully 
specified  in  a  hardware  description  language  such  as  the 
VHSIC  Hardware  Description  Language  (VHDL)  [3].  Since  such 
data  is  not  typically  available  on  currently  obsolete  or 
nearly  obsolete  ICs,  reverse  engineering  (the  process  of 
analyzing  actual  devices  for  topological,  physical,  and 
electrical  parameters)  may  be  necessary.  Attempts  to  copy 
devices  directly  from  the  device  itself  have  met  with  mixed 
success.  In  one  case,  eight  device  types  were  copied,  but 
only  three  functioned  properly  [1]. 

Emulation  Using  Device  Arrays.  Emulation  using  device 
arrays  uses  one  moderately  complex  IC  with  customized  final 
metallization  layers  to  replace  many  different  IC  types. 

The  IC  is  made  up  of  many  uncommitted  devices  and  device 
arrays,  such  as  resistors,  capacitors,  transistors,  and 
diodes,  on  the  silicon  chip.  One  example  is  the  Honeywell 
Bipolar  Device  Array  (BDA) ,  developed  as  a  replacement  for 
many  obsolete  components  in  the  Diode  Transistor  Logic  (DTL) 
family.  The  BDA  design  includes  provisions  for  obtaining 
the  desired  input  current,  drive  capability,  and  delay 
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characteristics.  Eight  different  components  have  been 
successfully  emulated  using  the  BDA  and  a  design  manual  is 
available  to  support  the  design  of  devices  using  the  BDA 
[6]. 

While  the  use  of  device  arrays  promises  to  replace 
almost  all  difficult  or  special  cases  for  which  no  standard 
circuit  in  a  new  technology  exists,  the  cost  is  relatively 
high.  Prices  in  the  tens  of  thousands  of  dollars  per  emula¬ 
tion  are  being  quoted  [5]. 

Emulation  With  Programmable  Components.  Programmable  compo¬ 
nents  are  components  that  have  certain  essential  character¬ 
istics  selected  or  programmed  before  use.  Several  types  of 
programmable  devices  may  be  especially  useful  for  obsolete 
IC  replacement.  One  such  type,  the  Erasable  Programmable 
Logic  Device  (EPLD) ,  was  used  by  NASA  to  replace  logic  on  a 
printed  circuit  board.  In  the  specific  case  reported,  a 
printed  circuit  board  redesign  was  necessary;  however,  the 
authors  stated  "They  also  offer  a  potential  solution  to  the 
problem  of  discontinued  devices  since  the  same  programmable 
device  can  replace  many  different  discrete  devices"  [7]. 
Fotfler-Nordheim  Tunneling 

Simplified  Theory.  Electrons  in  polysilicon  are  usually 
prevented  from  entering  SiOj  by  an  energy  barrier  of  approx¬ 
imately  3.2  eV;  however,  electrons  have  a  small  probability 
of  tunneling  a  short  distance  into  the  SiOj.  At  room  tem- 
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perature  the  kinetic  energy  of  the  electrons  will  allow  a 
tunneling  distance  of  approximately  5oA.  Providing  the 
electric  field  within  the  SiOj  overcomes  the  energy  barrier, 
the  tunneling  electrons  will  not  return  to  the  polysilicon 
but  will  be  carried  by  the  electric  field,  causing  a  current 
to  flow.  The  field  intensity  required  to  create  a  potential 
difference  of  3.2V  across  a  50A  distance  is  3.2V/ 5  X  lo’  cm 
=  6.4  X  10*  V/cm.  Increasing  the  electric  field  above  this 
level  will  cause  larger  currents  to  flow  because  more  elec¬ 
trons  will  tunnel  into  the  Si02  the  correspondingly  shorter 
distance  required  to  exceed  the  3.2V  potential  barrier  [8]. 
Tunneling  Current.  The  tunneling  current  density  can  be 
represented  as: 

T-  1.54  X'  10~*  ,  -6.83  10^ 

E 

where  J  is  the  current  density  in  A/cm^;  E  is  the  electric 
field  in  V/cm;  m*/m  is  the  average  effective  mass  of  elec¬ 
trons  in  the  oxide  forbidden  band;  and  is  the  barrier 
energy  (3.2eV)  [9].  The  average  effective  mass  ratio  (m'/m) 
has  been  variously  reported  as  0.47  [9],  0.42  [10],  and  0.50 
[11]. 

Lenzlinger  and  Snow  [10]  experimentally  determined  that 
tunneling  current  densities  in  SiO^  were  an  order  of  magni¬ 
tude  lower  than  predicted  by  (l)  when  measured  after  the 
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experimental  devices  had  been  subjected  to  an  initial  tun¬ 
neling  current  of  10‘“  A/cm^  for  two  hours,  during  which  time 
the  current  density  decreased  by  an  order  of  magnitude.  The 
reduction  in  tunneling  current  density  was  attributed  to 
electron  trapping  in  the  oxide. 

Kolodny  et.  al.  [12]  also  experimentally  determined 
the  Fowler-Nordheim  tunneling  current  density.  Their  experi¬ 
mental  devices  were  pre-conditioned  by  passing  0.1  C/cm^  of 
charge  has  through  the  oxide.  The  tunneling  current  density 
for  oxide  thicknesses  of  100-150  A  was  found  to  be: 

'^tun  ~  aEl^  (2) 

where  a  =  1.88  x  lo-^  A/V^,  /3  ==  2.55  x  10*  V/cm,  and  E  is  the 
electric  field  in  the  oxide.  Calculating  the  constants  in 
(2) ,  a  and  from  (1)  and  reducing  the  magnitude  by  a 

factor  of  ten  to  allow  for  the  observed  reduction  of  current 
flow  over  time,  yields  a  =  4.8  x  lO"^  A/V^  and 
/3  =  2.36  X  10*  V/cm.  While  the  two  values  for  /3  agree  well, 
the  value  for  a  calculated  from  (1)  is  over  twice  the  ad¬ 
justed  value  given  by  (2)  .  From  an  initial  value  of  10 A, 
and  assuming  a  linear  decrease  in  current  over  the  two  hour 
period,  the  total  charge  transfer  would  be  6.5  x  lo’  C  for 
the  devices  tested  by  Lenz linger  and  Snow.  Even  if  the 
current  were  assumed  to  be  constant  at  10'°  A  for  the  two 
hour  period,  the  total  charge  transferred  would  be  7.2  x  lo’ 
C.  The  amount  of  charge  that  was  passed  through  the  experi- 
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mental  samples  before  measuring  the  tunneling  current  by 
Kolodny  et.  al.  is  five  orders  of  magnitude  larger  than  the 
amount  of  charge  passed  through  the  experimental  samples 
used  by  Lenzlinger  and  Snow.  This  large  difference  in  total 
charge  transported  may  account  for  the  higher  tunneling 
current  density  reported  by  Lenzlinger  and  Snow. 

Floating  Gate  Transistors 

A  floating  gate  transistor  is  an  insulated-gate  field 
effect  transistor  (FET)  that  has  a  gate,  usually  made  of 
polysilicon,  which  is  completely  enclosed  by  insulating 
material,  usually  silicon  dioxide.  A  charge  placed  on  the 
floating  gate  will  leak  off  slowly  enough  that,  for  most 
applications,  it  can  be  considered  permanent.  The  presence 
of  the  charge  on  the  gate  will  affect  the  conductance  of  the 
underlying  channel.  In  order  to  put  a  charge  onto  or  remove 
charge  from  the  floating  gate  some  method  of  charge  trans¬ 
port  across  the  oxide  is  needed. 

The  use  of  an  insulated-gate  FET  with  a  floating  gate 
as  a  memory  element  was  first  proposed  by  Kahng  and  Sze  in 
1967  [13].  They  built  an  experimental  floating  gate  tran¬ 
sistor  that  used  Fowler-Nordheim  tunneling  to  transport 
charge  to  and  from  the  floating  gate.  Although  the  device 
worked,  the  thin  oxide  layer  (»5oA)  prevented  practical  use 
of  the  device  at  that  time. 
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FAMOS  Transistor.  The  floating  gate  avalanche  injection  MOS 
(FAMOS)  transistor  was  used  in  the  first  large  capacity 
erasable  prograiiunable  read-only  memories  [14].  Avalanche 
injection  of  electrons  from  the  surface  depletion  region  of 
a  p-n  junction  is  used  to  transport  electrons  to  the  float¬ 
ing  gate  of  a  FAMOS  transistor.  Charge  removal  is  accom¬ 
plished  by  exposing  the  transistor  to  ultraviolet  radiation 
with  a  photon  energy  in  excess  of  4.3  eV.  The  photo  current 
induced  by  the  radiation  will  allow  the  charge  on  the  float¬ 
ing  gate  to  flow  to  the  substrate. 

Electrically  Erasable  Floating  Gate  Transistors.  A  floating 
gate  transistor  may  be  programmed  by  avalanche  injection  (as 
is  the  FAMOS  transistor)  or  hot  electron  injection  (where 
the  source  of  the  carriers  is  the  channel  current)  and 
erased  using  Fowler-Nordheim  tunneling.  Mann  [15]  investi¬ 
gated  three  different  types  of  floating  gate  transistors  in 
both  N-  and  P-channel  versions.  His  transistors  were  all 
fabricated  in  the  MOSIS  low-noise  analog  CMOS  process.  His 
results  indicate  that  Fowler-Nordheim  tunneling  current 
becomes  detectable  at  12  Volts  potential  difference  between 
the  poly  layers.  Mann  attributes  the  low  tunneling  voltage 
to  surface  irregularities  on  the  upper  surface  of  the  polyl 
layer. 

Floating  gate  transistors  can  be  both  programmed  and 
erased  by  Fowler-Nordheim  tunneling.  Dense  (4-Mbit)  memory 
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circuits  and  4 -state  memory  cells  that  are  both  programmed 
and  erased  by  Fowler-Nordheim  tunneling  have  been  fabricated 
[16,17]. 

Trimming  analog  circuits  is  another  application  of 
floating  gate  transistors  that  use  Fowler-Nordheim  tunneling 
for  both  programming  and  erasure.  Thomsen  and  Brooke  [18] 
fabricated  such  a  transistor  in  a  MOSIS  2-jLim,  P-well,  dou¬ 
ble-poly  process.  The  transistor  was  characterized  by  a 
100-fF  coupling  capacitor  and  an  injector  fabricated  with 
orthogonal  strips  of  2-/im  poly2  (the  injector  input)  and 
polyl  (attached  to  the  floating  gate) .  It  was  experimental¬ 
ly  determined  that  current  would  flow  in  either  direction 
when  a  high  voltage  of  greater  than  12  Volts  was  applied 
between  the  two  polysilicon  layers.  Thomsen  and  Brooke 
attribute  the  low  tunneling  voltage  to  oxide  thinning  at  the 
edges  of  the  lower  polysilicon  structure  and  field  enhance¬ 
ment  due  to  the  sharp  edges  of  the  lower  polysilicon  struc¬ 
ture.  In  the  course  of  repeatedly  programming  a  cell,  the 
threshold  swing  for  constant  programming  voltage  was  reduced 
due  to  trapped  electrons  in  the  tunneling  oxide  after  1,000 
cycles.  This  effect  was  significantly  reduced  by  increasing 
the  rise-time  of  the  programming  pulse  to  1  mS. 

Summary. 

Supporting  weapons  systems  with  replacement  integrated 
circuit  types  which  are  obsolete  and  no  longer  in  production 
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is  a  significant  problem.  There  are  several  methods  of 
ensuring  that  needed  components  are  available.  These  meth¬ 
ods  include  lifetime  buys,  technology  transfer,  substitution 
of  compatible  device  types,  reverse  engineering  and  remanu¬ 
facturing,  emulation  with  device  arrays,  and  emulation  with 
programmable  components. 

Fowler-Nordheim  tunneling  allows  a  current  to  flow 
across  an  insulating  layer  of  silicon  dioxide  when  the 
applied  electric  field  is  high  enough  to  overcome  the  barri¬ 
er  energy.  This  effect  may  be  used  to  transfer  charge  to  a 
floating  gate  which  controls  the  current  flow  in  a  field- 
effect  transistor.  The  transport  of  charge  to  or  from  the 
floating  gate  can  be  used  to  program  or  erase  the  floating 
gate  transistor. 
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III.  First  Demonstration  Microcircuit 
Microcircuit  1  Design 

Floating  Gate  Cell  Design.  The  cell  design  chosen  is  simi¬ 
lar  to  the  cell  described  by  Thomsen  and  Brooke  [18].  This 
design,  shown  in  Figure  1,  is  characterized  by  the  use  of  a 
rectangular  coupling  capacitor  made  by  overlapping  the 
second  polysilicon  layer  (poly2)  over  the  first  polysilicon 
layer  (polyl) .  Dual  tunneling  injectors  are  used  to  demon¬ 
strate  a  method  of  eliminating  the  requirement  that  on-die 
programming  circuits  handle  high  positive  and  negative 
voltages  at  the  same  nodes.  The  gate  of  the  N-channel  FET 
is  connected  to  the  lower  plate  of  the  capacitor  and  both 
injector  structures.  The  capacitor  area  (area  of  the  polyl 
capacitor  plate)  used  for  all  logic  circuits  is  144  square- 
microns. 

The  tunneling  injectors  are  orthogonal  2-micron  strips 
of  polyl  and  poly2.  Fowler-Nordheim  tunneling  occurs  due  to 
field  enhancement  and  oxide  thinning  at  the  edges  of  the 
polyl  strip.  This  allows  the  addition  of  electrons  to  the 
floating  gate  structure  (erasing) ,  which  will  raise  the 
effective  threshold  voltage  of  the  transistor,  or  the  remov¬ 
al  of  electrons  from  the  structure,  which  will  lower  the 
effective  threshold  voltage  to  a  value  of  less  than  zero 
volts  (programming) . 
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During  normal  operation,  the  poly 2  gate  will  be  held  at 
ground  potential.  A  transistor  with  a  positively  charged 
floating  gate  will  be  in  the  conducting  state  at  this  time 
because  the  threshold  voltage  will  be  less  than  zero  volts. 

A  transistor  with  an  uncharged,  or  negatively  charged, 
floating  gate  will  be  in  a  non-conducting  state. 

Test  Cells.  An  array  of  ten  programmable  floating  gate 
transistors  is  included  to  enable  the  direct  measurement  of 
the  programming  characteristics  of  the  devices.  In  the 
array  there  are  five  different  sizes  of  coupling  capacitors 
represented  with  polyl  areas  of  16,  64,  144  (same  as  the 
logic  cells  on  the  die) ,  256,  and  576  square  microns.  Each 
of  the  cells  share  control  gate  and  injector  connections. 
Each  drain  is  connected  to  a  separate  pin  on  the  package  to 
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allow  the  drain  current  to  be  measured  while  varying  the 
control  gate  voltage. 

Programmable  Logic  Top  Level  Design.  The  programmable  logic 
consists  of  two  programmable  6-input  NOR  gates  (input  level) 
with  true  and  complemented  outputs  feeding  a  5-input  pro¬ 
grammable  NOR  gate  (output  level) .  Figure  2  shows  the 
logical  equivalent  of  the  programmable  logic  circuit  where 
each  programmable  cell  is  equivalent  to  an  open  switch  when 
erased  and  a  closed  switch  when  programmed.  When  the  in¬ 
verted  outputs  of  the  first  level  NOR  gates  are  selected,  a 
sum-of-products  output  is  generated  for  any  input  function 
with  two  or  fewer  products.  The  intermediate  output  OCBO  is 
provided  to  allow  direct  monitoring  of  the  wired-AND  node  of 
one  of  the  two  input  gates. 


Microcircuit  1. 


Shift  Register.  Programmable  cells  are  selected  for  pro¬ 
gramming  by  loading  a  twenty-two  bit  word  into  a  shift 
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register.  Each  bit  is  connected  to  the  control  gate  of  a 
floating  gate  cell.  The  state  of  this  bit  will  determine 
whether  a  positive  charge  will  be  placed  on  the  floating 
gate  when  a  positive  programming  voltage  is  applied  to  an 
injector.  If  the  bit  is  a  high  then  programming  will  not 
take  place  due  to  the  lower  floating  gate  to  programming 
injector  potential  difference. 

The  shift  register  is  made  up  of  a  series  of  delay 
elements.  Each  delay  element,  shown  schematically  in 
Figure  3,  is  a  static  one-bit  latch  that  is  clocked  by  a 
two-phase  non-overlapping  clock.  The  design  consists  of  a 
transmission  gate  multiplexer  that  selects  either  the  serial 
data  input  (when  SHIFT  is  true)  or  an  input  intended  to 
allow  verifying  the  status  of  the  programmed  bit  in  program¬ 
mable  inverter  cells.  The  output  of  the  multiplexer  is 
gated  through  transmission  gate  XI  to  node  CNODEl  when  the 
phase-1  clock  is  true.  When  the  phase-1  clock  becomes 
false,  inverter  X2  and  clocked  inverter  X5  maintain  the 
state  of  node  CNODEl  indefinitely.  The  logic  state  of 
CNODEl  is  inverted  by  X2  and  is  passed  on  to  node  CN0DE2  by 
transmission  gate  X3  when  the  phase-2  clock  is  true.  When 
the  phase-2  clock  is  false,  CN0DE2  is  maintained  by  inverter 
X4  and  clocked  inverter  X6.  The  output  of  the  delay  element 
is  the  inverted  state  of  CN0DE2  appearing  at  the  output  of 
inverter  X4. 
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Figure  3.  Delay  Element  Used  in  the  Shift  Register. 

Programmable  Cells.  This  microcircuit  contains  two  differ¬ 
ent  types  of  programmable  cells.  The  first  type  of  cell  is 
shown  schematically  in  Figure  4.  The  output  of  the  delay 
element  is  connected  to  the  poly2  control  gate  of  the  float¬ 
ing  gate  programmable  transistor  X4.  The  drain  of  X4  is 
connected  to  the  source  of  N-channel  transistor  X3.  The 
gate  of  X3  is  the  logic  input  to  the  cell  and  the  drain  of 
X3  is  the  logic  output.  If  X4  is  erased  (in  the  off  state 
when  the  control  gate  is  at  ground  potential)  then  the  logic 
input  TERMIN  will  have  no  effect  and  the  drain  of  X3  will 
always  be  a  high  impedance  node.  If  X4  is  programmed  (in  the 
on  state  when  the  control  gate  is  at  ground  potential)  then 
the  drain  of  X3  will  present  a  low  impedance  when  TERMIN  is 
high,  and  a  high  impedance  otherwise. 

The  other  type  of  cell  (used  only  in  a  special  test 
circuit)  consists  of  a  programmable  inverter  connected  both 
to  the  gate  of  an  N-channel  transistor  and  to  the  RDBACK 
input  of  the  delay  element.  This  cell  type  is  included  to 
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Figure  4.  Programmable  Cell. 


allow  the  testing  of  a  cell  that  can  be  read  back  to  verify 
the  data  programmed.  This  cell  is  shown  schematically  in 
Appendix  A,  Figure  17. 

Microcircuit  1  Detailed  Design.  The  complete  schematic  of 
the  microcircuit  is  included  in  Appendix  A,  Figure  11 
through  Figure  15.  Schematic  capture  was  performed  using 
the  Omation  (Richardson,  TX)  SCHEMA  III  schematic  processing 
program  which  runs  on  an  MS-DOS  computer.  This  package 
automatically  generates  net  list  information  in  several 
formats  and  performs  some  design  rule  checks. 

Microcircuit  1  VHDL  Model,  The  VHDL  model  developed  for 
Microcircuit  1  consists  of  fifteen  modules  and  is  included 
as  Appendix  B.  The  Zycad-developed  MVL7  signal  type  is  used 
exclusively  in  all  modules.  This  type  allows  for  seven 
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signal  levels,  '1',  'H'  (a  weak  "L'  (open-circuit), 

'L'  (a  weak  '0'),  'O',  'X'  (a  strong  unknown),  and  'W'  (a 
weak  unknown) .  These  modules  form  a  hierarchy  of  design 
units  (Table  1)  that  parallels  the  hierarchy  of  the  schemat¬ 
ic  diagrams  of  the  design.  The  highest  level  module  is  the 
test  bench  (CHIBNCH)  which  is  a  mixed  structural  and  behav¬ 
ioral  model.  The  next  level  consists  of  a  single  module, 
CHIPl,  which  is  a  pure  structural  VHDL  module.  The  third 
level  down  consists  of  structural  modules  ECELLl  and  ECELL2 
which  are  both  pure  structural  descriptions.  The  fourth 
level  consists  of  a  single  pure  structural  module,  EDELAY, 
that  is  used  by  both  ECELLl  and  ECELL2. 

The  lowest  level  behavioral  models  vary  in  complexity. 
Three  of  the  models  (CLKDINV,  INJCTR,  and  TPAD)  perform  no 
function  but  are  required  to  allow  the  complete  design  to  be 
analyzed  and  simulated.  The  programmable  device  models 
(EEPPMl  and  EEINV)  use  standard  logic  signals  as  inputs  to 
the  injectors  and  are  mechanized  as  latches  that  are  pro¬ 
grammed  or  erased  based  on  the  states  of  the  injector  and 
control  gate  inputs.  The  transmission  gate  (TGATE)  is 
modeled  as  a  one-way  device  for  simplicity.  There  are  two 
models  of  an  N-channel  transistor,  NCHAN  and  NCHAN3.  The 
module  NCHAN  models  a  transistor  used  as  an  open-drain 
inverter,  while  the  module  NCHAN3  models  a  transistor  used 
as  a  switch.  The  only  model  of  a  P-channel  transistor. 
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Table  1.  Hierarchy  of  VHDL  Models  for  Microcircuit  1. 


Model 

Name 

Level 

Model  Type 

Drawing 

CHIBNCH 

1 

Mixed 

None 

CHIPl 

2 

Structural 

CHIPl 

ECELLl 

3 

Structural 

ECELLl 

ECELL2 

3 

Structural 

ECELL2 

EDELAY 

4 

Structural 

EDELAY 

EEPPMl 

5 

Behavioral 

None 

EEINV 

5 

Behavioral 

None 

CLKDINV 

5 

Behavioral 

None 

INJ 

5 

Behavioral 

None 

INVERTER 

5 

Behavioral 

None 

NCHAN 

5 

Behavioral 

None 

NCHAN3 

5 

Behavioral 

None 

TGATE 

5 

Behavioral 

None 

PCHPU 

5 

Behavioral 

None 

TPAD 

5 

Behavioral 

None 

PCHPU,  models  a  transistor  used  as  a  pull-up  resistor.  The 
remaining  lowest  level  model,  INVERTER,  performs  the  inver¬ 
sion  function. 

The  scope  of  the  testing  performed  by  the  test  bench  is 
limited  to  erasing,  programming,  and  exercising  the  program¬ 
mable  logic  function.  Functions  exercised  are  three  input 
NAND,  NOR,  AND,  and  OR  functions  as  well  as  two  input  XOR 


and  XNOR  functions.  In  addition,  AND  and  NOR  functions 
using  the  intermediate  output  OCBO  are  included. 

Each  pure  structural  model  was  generated  by  the  Auto¬ 
matic  VHDL  Generator  (AVG)  program  (Appendix  C)  that  the 
author  developed  using  the  Omation  SCHEMA  SPICE  net  list 
generator  as  a  prototype.  This  program  is  written  in  the 
Microsoft  QBASIC  language  (included  as  a  component  of  the 
standard  Microsoft  DOS  5.0  package).  The  AVG  program  ac¬ 
cepts  a  SCHEMA  pin  list  format  file  generated  by  SCHPOST,  a 
utility  included  in  the  SCHEMA  package,  as  an  input  and 
generates  both  a  complete  VHDL  structural  description  of  the 
design  unit  and  a  component  description  of  the  design  unit 
to  be  used  by  higher  level  units.  The  program  also  requires 
a  component  description  of  each  type  of  component  used  in 
the  module  to  be  present  on  the  current  directory.  Editing 
of  the  CHIPl  module  VHDL  module  was  necessary  to  remove 
references  to  the  component  PI  (the  IC  package)  to  prevent 
errors  during  the  VHDL  analysis  phase. 

Test  Apparatus 

Figure  5  shows  the  setup  used  to  test  Microcircuit  1. 
The  test  fixture  (Appendix  D,  Figure  19  and  Figure  20)  is  a 
device  that  provides  the  interface  to  the  various  functions 
of  Microcircuit  1. 

Programming  Voltage  Generation,  Both  positive  and  negative 
variable  voltage  programming  pulses  are  required  to  deter- 
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Figure  5.  Test  Setup  for  Microcircuit  1. 

mine  the  programming  characteristics  of  the  programmable 
cells  and  to  program  the  programmable  logic.  Pulse  timing 
is  provided  by  a  Datapulse  101  pulse  generator  that  has  a 
single-pulse  feature  that  provides  one  pulse  of  a  preset 
duration  each  time  a  button  is  pressed.  Voltage  translation 
is  provided  by  circuits  provided  on  the  test  fixture  and 
shown  in  Figure  6.  Positive  programming  pulses  are  provided 
by  one  section  of  X7,  an  SN7407  non-inverting  open-collector 
high  voltage  buffer.  The  output  of  this  buffer  is  pulled  up 
to  the  variable  voltage  VPP+  power  source  by  R24.  Negative 
programming  pulses  are  generated  by  Ql,  a  2N3906  PNP  tran¬ 
sistor,  which  is  connected  as  a  common-emitter  inverter. 
Diodes  CRl,  CR2,  and  CR3  ensure  that  the  base-emitter  junc¬ 
tion  of  Ql  is  biased  sufficiently  negative  to  drive  Ql  into 
saturation  when  the  output  at  pin  12  of  X7  is  at  or  near 
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zero  volts.  When  pin  12  of  X7  is  high  (for  example,  when  a 
positive  pulse  is  present  at  the  input)  the  base  of  Q1  will 
be  driven  positive,  reverse  biasing  the  base-emitter  junc¬ 
tion,  allowing  the  collector  voltage  to  become  equal  to  the 


input  voltage  VPP-. 


Test  Cell  Interface.  The  interface  to  the  test  cell  array 
consists  of  an  input,  ten  outputs,  and  the  two  injectors. 

The  control  gate  input  is  connected  to  a  bias  supply  that 
can  be  varied  from  -8  Volts  to  +  8  Volts.  Each  output  is 
pulled  up  to  VDD  by  a  91K  Ohm  resistor  and  is  connected  to 
the  input  of  a  74C04  inverter.  The  output  of  each  inverter 
is  inverted  again  and  then  drives  a  Light  Emitting  Diode 
(LED) .  Thus,  when  the  control  voltage  input  to  a  given  cell 
exceeds  the  turn  on  threshold  sufficiently  to  pull  down  the 
output,  the  associated  LED  will  illuminate. 
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shift  Register  Interface.  The  test  fixture  accepts  inputs 
via  a  standard  parallel  printer  connector  from  the  printer 
port  on  an  IBM  PC  or  compatible  computer.  The  main  input 
signals  associated  with  the  shift  register  (SHIFT,  PHI,  PH2, 
and  SDATIN)  are  buffered  from  the  computer  interface. 

Derived  signals  SHIFTN,  PHIN,  and  PH2N  are  inverted  signals 
SHIFT,  PHI  and  PH2  respectively.  Each  signal  is  driven  by 
an  open-collector  driver  that  is  pulled  up  to  VDD.  This 
arrangement  allows  the  signals  to  transition  between  ground 
and  VDD  even  when  VDD  varies  significantly  from  +5  Volts. 
Programmable  Logic  Interface.  The  three  logic  inputs, 
LOGICO,  LOGICl,  and  L0GIC2 ,  are  buffered  from  the  computer 
interface  identically  to  the  method  used  for  the  main  shift 
register  signals.  One  output  signal,  OUTO,  is  inverted  and 
fed  back  to  an  input  on  the  computer  interface.  The  other 
signal,  OCBO,  is  a  connection  to  a  high-impedance  internal 
signal  and  is  buffered  by  a  CMOS  inverter,  the  output  of 
which  is  buffered  and  fed  to  the  computer  interface. 
Interface  Software.  A  computer  program  that  provides  a 
convenient  menu  driven  user  interface  to  control  the  test 
fixture  was  written  in  Borland  Turbo  Pascal  and  is  included 
as  Appendix  E.  Functions  supported  include  individual 
signal  control  as  well  as  composite  operations  such  as 
loading  the  shift  register  with  a  program  word,  exercising 
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the  programmable  logic  function,  and  displaying  the  resul¬ 
tant  truth  table. 

Test  Results 

VHDL  Results.  The  VHDL  model  was  programmed  with  eight 
different  program  words.  Six  program  words  were  selected  to 
exercise  the  complete  programmable  function.  The  remaining 
two  program  words  were  selected  to  test  the  intermediate 
node  OCBO.  The  program  words  used  and  the  actual  results 
are  shown  in  Table  2  for  output  OUTO  (the  main  programmable 
logic  output)  and  Table  3  for  the  intermediate  output,  OCBO. 
In  both  cases  the  actual  results  are  identical  with  the 
expected  results. 


Table  2.  VHDL  Simulation  Results  for  Output  OUTO 


Inputs 

o 

c 

ft 

3uts  (OUTO) 

Prograun  Word 

00A840H 

05480H 

00A880H 

0S440H 

246180H 

28S180H 

L2 

Ll 

LO 

HAND 

NOR 

AND 

OR 

XOR(0,1) 

XNOR(0,1) 

B 

0 

B 

1 

1 

0 

0 

0 

1 

0 

0 

B 

1 

0 

0 

1 

1 

0 

0 

B 

B 

1 

0 

0 

1 

1 

0 

B 

B 

B 

1 

0 

0 

1 

0 

1 

B 

0 

0 

1 

0 

0 

1 

0 

1 

IB 

0 

B 

1 

0 

0 

1 

1 

0 

B 

B 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

0 

1 
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Table  3.  VHDL  simulation  Results  for  Output  OCBO 


Inputs 

Outputs  (OCBO)  1 

Program  Word 

2A0000H 

150000H 

L2 

LI 

LO 

AND 

NOR 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

1 

0 

Microcircuit  Test.  Microcircuit  1  was  fabricated  in  the 
Orbit  Semiconductor  low  noise  analog  2~micron  CMOS  N-well 
process  through  MOSIS.  Six  circuits  were  chosen  for  test 
cases  and  marked  as  numbers  one  through  six.  Initial  testing 
indicated  that  circuit  #2  could  not  be  erased  or  programmed 
and  circuit  #5  exhibited  leakage  on  an  injector  input.  Both 
of  these  circuits  were  excluded  from  further  tests.  During 
the  initial  testing,  it  was  found  that  TCELLl  output  (pin  4) 
was  not  connected  internally  due  to  a  layout  error.  Cell 
TCELL6  was  not  connected  to  the  INJCTRl  or  INJCTR2  lines  in 
the  circuit  due  to  another  layout  error.  TCELLl  and  TCELL6 
were  therefore  excluded  from  testing. 
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In  order  to  support  the  testing  of  Microcircuit  2,  the 
test  cell  characterization  concentrated  on  determining  a 
practical  set  of  programming  and  erasing  methods  for  a  cell 
that  has  +5  Volts  applied  to  the  control  gate  during  normal 
operation.  The  four  remaining  test  circuits  were  tested 
with  several  different  VPP+,  VPP-,  and  gate  voltages.  The 
test  data  is  included  in  Appendix  K.  Chips  #3,  #4,  and  #6 
were  programmed  at  12.75  Volts  VPP+  with  OV  control  gate 
potential.  Table  4  contains  some  statistical  measures  of 
the  programming  results  of  cells  exclusive  of  TCELL9  and 
TCELLIO,  the  cells  with  the  smallest  capacitor  size.  The 
mean  threshold  voltage,  variance,  standard  deviation,  maxi¬ 
mum,  and  minimum  values  are  tabulated  for  eighteen  cells. 

One  unexpected  result  was  noted  during  the  testing  on 
Chip  #4.  The  threshold  voltage  of  TCELL9,  a  minimum  cou¬ 
pling  cell  with  a  capacitor  area  of  sixteen  square-microns, 
had  been  lowered  to  less  than  -6.0  V.  and  then  apparently 
Increased  without  any  programming  pulses  being  applied. 
TCELL9  on  Chip  #4  had  the  largest  threshold  shift  of  any  of 
the  test  cells  on  Chip  #4.  It  was  noted  that  the  threshold 
changed  when  the  control  gate  was  lowered  to  -8.1  Volts. 
After  ten  seconds,  the  threshold  of  TCELL9  had  increased  to 
-3.4  Volts.  No  change  in  threshold  voltage  was  noted  when 
the  control  gate  input  was  held  at  zero  volts.  A  possible 
explanation  is  that  Fowler-Nordheim  tunneling  from  the 
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Tabltt  4.  Programming  Result  Statistics  for  Samples  #3,  #4, 
and  #6,  with  +12.75  Volts  VPP+  and  0  Volts  Control  Gate 
Potential. 


T  (mS) 

Mean 

(V) 

Variance 

(V) 

Std.Dev. 

(V) 

Max 

(V) 

Min 

(V) 

1 

3.72 

1.79 

1.34 

6.6 

1.8 

2 

3.20 

1.98 

1.41 

6.15 

1.1 

5 

2.71 

2.01 

1.42 

5.7 

0.6 

10 

2.33 

2.01 

1.42 

5.2 

0.2 

20 

2.02 

2.02 

1.42 

5 

0.0 

50 

1.60 

2.08 

1.44 

4.5 

-0.5 

100 

1.35 

2.07 

1.44 

4.3 

-0.8 

200 

1.07 

2.01 

1.42 

4.1 

-1.0 

500 

0.74 

1.97 

1.41 

3.7 

BBI 

1000 

0.49 

1.77 

1.33 

-1.4 

negative  control  gate  to  the  positive  floating  gate  was 
occurring,  causing  the  threshold  voltage  of  the  cell  to 
change . 

Programmable  Logic  Test.  During  initial  testing  it  was 
determined  that  VDD  was  not  connected  to  X33  or  X34  due  to  a 
layout  error.  This  made  the  main  logic  output,  OUTO,  un¬ 
readable.  Intermediate  node  OCBO  was  still  available  and 
the  logic  function  was  tested  up  to  that  point.  Programming 
was  attempted  at  12.75  V  VPP+  and  did  not  work.  VPP+  was 
increased  on  each  chip  tested  until  the  chip  programmed  or 
reached  a  state  where  a  zero  output  appeared  where  a  one 
should  be  in  the  truth  table  indicating  at  least  one  input 
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which  should  not  be  programmed  was  programmed.  The  results 
of  the  logic  test  are  summarized  in  Table  5. 

Table  5.  Logic  Test  Results. 


UUT 

Function 

VPP+ 

Time  (mS) 

#1 

NOR 

14.75 

500 

#1 

AND 

16.00 

500 

#3 

NOR 

14.75 

500 

#3 

AND 

N/A 

N/A 

#4 

NOR 

14.75 

500 

#4 

AND 

14.75 

500 

#6 

NOR 

14.25 

500 

#6 

AND 

14.25 

200 

Summary 

An  integrated  circuit  to  demonstrate  programmable  logic 
functions  was  designed.  The  design  used  logic  cells  which 
are  programmed  and  erased  using  Fowler-Nordheim  tunneling. 

A  VHDL  simulation  was  performed  on  the  logic  portions  of  the 
circuit. 

The  microcircuit  was  fabricated  in  the  Orbit  Semicon¬ 
ductor  2-micron  N-well  low  noise  analog  CMOS  process  through 
MOSIS.  Test  cells  were  erased  and  programmed  using  several 
VPP+  voltage  levels.  Some  evidence  of  Fowler-Nordheim  tun¬ 
neling  from  the  control  gate  to  the  floating  gate  was  noted 
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in  one  case.  Test  results  Indicate  that  the  programmability 
of  the  floating  gate  transistors  used  in  the  test  cells 
varies  widely.  The  variability  of  programming  characteris¬ 
tics  may  result  in  a  cell  which  will  not  program  when  se¬ 
lected  for  programming,  or  a  cell  which  will  program  when 
not  selected  for  programming.  The  programming  profile  used 
(VPP+  magnitude,  control  gate  potential,  and  duration  of  the 
programming  pulse)  must  ensure  that  the  least  programmable 
cell  selected  for  programming  is  programmed,  and  that  the 
most  programmable  cell  that  is  not  selected  for  programming 
is  not  programmed. 

An  intermediate  logic  output  was  programmed  and  tested. 
Unexpectedly  high  voltages  were  necessary  to  program  the 
logic,  possibly  due  to  the  variability  of  the  programmabili¬ 
ty  of  the  cells.  The  main  circuits  did  not  have  a  method  of 
reading  back  the  state  of  the  programmed  cells.  Such  a 
capability  would  simplify  the  programming  task. 
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IV.  Microcircuit  2 


Archi tecture 

Emulation  Target.  Microcircuit  2  is  designed  to  emulate  the 
logic  function  of  simple  TTL  combinational  logic  chips. 
Fourteen  pins  of  the  forty-pin  Microcircuit  2  package  are 
emulation  logic  input-output  (I/O)  pins  that  are  mapped  to 
the  logic  I/O  pins  of  the  emulated  TTL  circuit.  Two  differ¬ 
ent  maps  are  supported  depending  on  the  number  of  logic  I/O 
pins  on  the  target  circuit.  The  first  mapping,  which  ap¬ 
plies  to  TTL  circuits  packaged  in  a  sixteen  pin  dual-in¬ 
line-package  (DIP)  (fourteen  logic  I/O  pins,  VCC  and 
Ground) ,  maps  all  fourteen  emulation  logic  I/O  pins  to  the 
fourteen  logic  I/O  pins  of  the  target  circuit.  The  second 
mapping,  for  TTL  circuits  packaged  in  a  fourteen  pin  DIP, 
maps  twelve  of  the  fourteen  emulation  logic  I/O  pins  to  the 
twelve  logic  I/O  pins  of  the  target  circuit.  Pin  mapping  is 
shown  in  Table  6.  A  representative  group  of  the  TTL  types 
that  Microcircuit  2  can  emulate  and  for  which  logic  emula¬ 
tion  was  demonstrated  is  listed  in  Table  7. 

Emulation  Limitations.  The  emulation  performed  is  of  the 
logic  function  only.  Other  parameters  such  as  drive  capa¬ 
bility,  input  source  current,  output  drive  capability,  and 
delay  time  are  not  emulated. 

Emulation  I/O  Pins.  Each  emulation  I/O  pin  can  be  pro¬ 
grammed  as  an  input  only  (output  disabled) ,  as  an  open  drain 
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Table  6.  Pin  Mapping  of  TTL  I/O  Pins  to  Microcircuit  2 
Emulation  Pins. 


TTL  Pkg.  Type 

Pin  # 

Name 

16  Pin 

14  Pin 

Actual 

Group 

Section 

PINAL 

1 

1 

18 

Left 

Top 

PINBL 

2 

2 

19 

Left 

Top 

PINCL 

3 

3 

20 

Left 

Top 

PINDL 

4 

4 

21 

Left 

Both 

PINEL 

5 

5 

22 

Left 

Bottom 

PINFL 

6 

6 

23 

Left 

Bottom 

PINGL 

7 

None 

24 

Left 

Bottom 

PINAR 

15 

13 

2 

Right 

Top 

PINBR 

14 

12 

1 

Right 

Top 

PINCR 

13 

11 

40 

Right 

Top 

PINDR 

12 

10 

39 

Right 

Both 

PINER 

11 

9 

38 

Right 

Bottom 

PINFR 

10 

8 

37 

Right 

Bottom 

PINGR 

9 

None 

36 

Right 

Bottom 

output  to  emulate  an  open-collector  output,  or  as  a  CMOS 
totem-pole  output  to  emulate  a  TTL  totem-pole  output.  Tri¬ 
state  outputs  are  not  emulated  by  Microcircuit  2. 
Programmable  Logic.  The  programmable  logic  of  Microcir¬ 
cuit  2  is  arranged  as  an  OR-OR  array  with  individually 
invertible  outputs.  Figure  7  presents  a  high-level  logical 
equivalent  circuit  of  Microcircuit  2.  The  input  logic  is 
divided  into  two  groups.  Left  and  Right,  referring  to  the 
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Table  7.  TTL  Chip  Emulations  to  be  demonstrated. 


TTL 

Type 

Variants 

#  Pins 

Function 

00 

L,H,STD. 

14 

Quad  2 -Input  NAND 

03 

L,H,STD 

14 

Quad  2-Input  O.C.  NAND 

04 

L,H,STD 

14 

Hex  Inverter 

08 

L,H,STD 

14 

Quad  2 -Input  AND 

20 

L,H,STD 

14 

Dual  4-Input  NAND 

27 

L,H,STD 

14 

Triple  3 -Input  NOR 

133 

Schottky 

16 

13 -Input  NAND 

emulated  pin  positions  on  a  TTL  Dual-Inline-Package  (DIP) . 
The  two  input  groups  are  further  divided  into  Top  and  Bottom 
sections,  again  referring  to  the  position  of  the  emulated 
pins  on  a  TTL  DIP.  Each  section  consists  of  two  programT.able 
eight-input  OR  gates  with  true  and  complemented  inputs  from 
a  group  of  four  pins.  One  pin  in  each  group  belongs  to  both 
sections  of  the  group. 

An  OR-OR  array  is  a  degenerate  form  of  two-level  logic. 
The  non-unique  output  state  of  the  first  level  (high)  is  the 
same  as  the  controlling  input  value  of  the  second  level. 

Any  high  input  to  the  second  level  will  cause  the  output  to 
become  high.  Therefore  the  OR-OR  array  with  invertible 
inputs  and  outputs  can  perform  the  AND,  OR,  NAND,  or  NOR  of 
any  combination  of  the  input  signals  or  complements.  This 
type  of  array  cannot  perform  an  exclusive-OR  (XOR)  or  AND- 
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Figure  7.  Programmable  Logic  Equivalent  Circuit. 


OR-INVERT  of  the  inputs. 

Programmable  Cell.  Each  programmable  cell  consists  of  a  two 
input  NAND  gate  with  the  output  connected  to  the  control 
gate  of  a  programmable  floating  gate  transistor  (Figure  8) . 
Each  cell  is  initially  erased  by  applying  a  negative  voltage 
high  enough  to  cause  tunneling  to  the  floating  gate  for  a 
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sufficient  duration  to  raise  the  threshold  voltage  above 
+5  Volts.  One  or  both  inputs  to  the  HAND  gate  should  be  low, 
causing  the  control  gate  to  be  high,  to  reduce  the  magnitude 
of  the  negative  potential  required  for  erasure. 

Programming  the  transistor  to  be  in  the  conducting 
state  when  the  gate  voltage  is  at  VDD  requires  that  the 
control  gate  be  held  at  ground  potential  while  an  injector 
is  raised  to  a  high  positive  voltage.  The  HAND  gate  pro¬ 
vides  a  method  of  addressing  each  cell  by  the  correspondence 
of  two  signals.  If  the  output  of  the  NAND  gate  is  near 
ground  then  the  voltage  induced  on  the  floating  gate  by  the 
control  gate  will  be  near  zero,  causing  the  highest  possible 
potential  difference  between  the  floating  gate  and  the 
positive  injector  input.  If  the  cell  is  not  being  addressed 
for  programming,  then  one  or  both  NAND  gate  inputs  will  be 
low  and  the  output  of  the  NAND  gate  and  the  control  gate  of 
the  floating  gate  transistor  will  be  at  VDD  potential. 


1 

OUTPUT - 

X  1 

NAND2 

EEPPMI 

^cc  1 

4 

- ’  J  NJ  1 

3 

CONTROL  2 - 

X2 


I  NJCTR2 
I  NJCTR 1 


Figure  8.  Programmable  Cell  for  Microcircuit  2. 
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Programming.  Microcircuit  2  functions  in  one  of  two  modes, 
normal  operating  mode  and  programming  mode.  The  mode  is 
selected  by  the  OPERATE  input  to  the  chip.  When  OPERATE  is 
false  all  emulation  outputs  are  disabled  and  three  of  the 
emulation  pins,  PINBL,  PINCL,  and  PINAL,  become  the  inverted 
serial  data,  phase-1  clock,  and  phase-2  clock  inputs  respec¬ 
tively.  Programmable  cells  are  programmed  in  groups  of  eight 
by  loading  a  thirty-six  bit  serial  Program  Word  into  the 
shift  register.  The  first  twenty-eight  bits  loaded  (Select 
Word)  should  be  all  zeros  except  a  unique  select  bit  that 
determines  which  group  of  eight  cells  will  be  programmed. 

The  last  eight  bits  loaded  make  up  the  Global  Program  Word 
(GPW) .  The  GPW  individually  enables  cells  in  the  group  of 
eight  cells  selected  by  the  Select  Word  to  be  programmed. 
Figure  9  shows  the  logical  equivalent  of  the  shift  register. 
The  programming  injectors  are  then  pulsed  at  the  VPP+  level, 
programming  the  selected  cells.  Erasing  all  cells  simulta¬ 
neously  is  accomplished  by  loading  all  zeros  into  the  shift 
register  and  pulsing  the  erase  injectors  to  VPP-. 

Design  of  Microcircuit  2 

Presentation.  The  design  of  Microcircuit  2  consists  of  a 
set  of  modules  each  of  which  describes  a  component.  The 
design  hierarchy  will  be  presented,  then  each  design  unit 
will  be  discussed  proceeding  from  the  lowest  hierarchical 
level  to  the  highest.  The  VHDL  model  for  each  design  unit 
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Figure  9.  Programming  Shift  Register  Logical  Equivalent. 

that  has  an  associated  drawing  was  automatically  generated 
by  the  AVG  program  previously  described. 

Design  Hierarchy.  Table  8  shows  the  hierarchy  of  design 
drawings  and  VHDL  models.  This  division  of  the  design 
evolved  with  the  actual  physical  design  of  the  integrated 
circuit  such  that  design  drawings,  VHDL  models,  and  blocks 
defined  in  the  MAGIC  integrated  circuit  layout  editor  corre 
spond. 

Behavioral  Components.  The  NAND2,  INVERTER,  CLKDINV,  TGATE 
NCHAN,  NCHAN3,  PCHPU,  and  EEPPMl  components  (and  correspond 
ing  VHDL  models)  have  been  previously  described  as  part  of 
Microcircuit  1.  The  only  added  behavioral  model  of  a  compo 
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Table  8.  Hierarchy  of  Design  Units  for  Microcircuit  2. 


* 

VHDL 

Model 

Uses 

Model  #(s) 

Drawing 

Name 

Location 

B 

CH2BNCH 

2 

None 

N/A 

2 

ELPROJ 

3-5,9,23,25 

ELPROJ 

Figure  21 

3 

ELPR07 

7,8,10,12 

ELPR07 

Figure  23 

B 

ELSHFT14 

10 

ELSHFT14 

Figure  26 

5 

ELOUT14 

6 

ELOUT14 

Figure  25 

6 

EL0UT7 

11 

EL0UT7 

Figure  27 

B 

ELIN2 

11 

ELIN2 

Figure  29 

8 

ELFIX7 

13 

ELFIX7 

Figure  30 

9 

ELSHIFT8 

15 

ELSHIFT8 

Figure  31 

10 

ELSHIFT7 

15 

ELSHIFT7 

Figure  32 

11 

EL0G8 

14,17,23 

ELOG8 

Figure  33 

12 

ELPIN 

20-25 

ELPIN 

Figure  34 

13 

ELFIXl 

16,17,23,25 

ELFIXl 

Figure  35 

14 

ELOGl 

16,19,25 

ELOGl 

Figure  36 

15 

ELDELAY 

21,22,23 

ELDELAY 

Figure  37 

16 

EEPPMl 

N/A 

None 

17 

PCHPU 

N/A 

None 

18 

NCHAN 

N/A 

None 

19 

NCHAN3 

N/A 

None 

20 

TRIPAD 

N/A 

None 

21 

TGATE 

N/A 

None 

22 

CLKDINV 

N/A 

None 

23 

INVERTER 

N/A 

None 

24 

NOR2 

N/A 

None 

25 

NAND2 

N/A 

None 

nent  is  TRIPAD,  which  consists  of  a  physical  pin  and  P- 
channel  and  N-channel  driver  transistors. 
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Component  ELOGl.  ELOGl  (Appendix  F,  Figure  36)  is  a  single 
element  of  programmable  logic  which  may,  with  the  addition 
of  a  pull-up  resistor  and  an  inverter,  be  connected  in 
parallel  to  build  multiple  input  programmable  OR  gates.  The 
element  is  programmed  by  making  the  CONTROLl  and  C0NTR0L2 
inputs  high  (forcing  the  control  gate  input  of  floating  gate 
transistor  X2  low)  and  applying  a  positive  programming 
voltage  to  an  injector.  Erasing  is  accomplished  by  making 
either  CONTROLl,  C0NTR0L2,  or  both  CONTROLl  and  C0NTR0L2, 
low  (causing  the  control  gate  input  of  floating  gate  tran¬ 
sistor  X2  to  become  high)  and  applying  a  negative  erasing 
voltage  to  an  injector.  The  output  of  ELOGl  is  an  open- 
drain  circuit. 

Component  ELFIXl.  The  ELFIXl  circuit  (Appendix  F, 

Figure  35)  is  identical  with  ELOGl  with  the  addition  of 
PCHPU  X4,  a  P-channel  transistor  used  as  a  pull-up  resistor, 
and  X3,  an  inverter.  The  output  of  ELFIXl  is  either  zero 
(erased)  or  high  (programmed) .  The  programming  method  for 
ELFIXl  is  identical  with  the  method  used  for  ELOGl. 

Component  ELPJN,  ELPIN  (Appendix  F,  Figure  34)  is  a  single 
emulation  logic  I/O  pin  and  associated  output  driver  and 
input  circuits.  The  input  is  first  buffered  by  inverter  X2, 
which  supplies  the  inverted  input.  The  inverted  input  is 
again  inverted  to  supply  the  non-inverted  input.  Five 
signals  control  the  output  of  ELPIN.  PROGEN  is  an  overrid- 
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ing  output  disable  signal  intended  for  use  when  the 
microcircuit  is  being  loaded  or  programmed.  OUTEN  is  an 
output  enable  that  is  an  input  from  a  programmable  cell  that 
is  programmed  whenever  the  pin  is  selected  for  use  as  an 
output.  The  DPINOUT  signal  is  the  logic  output  signal  which 
controls  the  pin  when  the  pin  is  enabled  as  an  output. 
INVOUT,  when  true,  will  invert  the  output,  making  it  the 
complement  of  DPINOUT.  OPNCLCTR,  the  last  signal  that 
controls  the  output,  disables  the  P-channel  output  driver 
transistor  when  high.  OPNCLCTR  is  an  input  from  a  program¬ 
mable  cell  that  will  cause  the  pin  to  emulate  a  TTL  open- 
collector  output  when  programmed. 

Simple  Composite  Components.  Certain  design  units  are 
simple  composite  components  that  consist  of  identical  lower 
level  structural  components  and,  in  some  cases,  behavioral 
components.  The  following  components  are  simple  composite 
components.  EL0G8  (Appendix  F,  Figure  33)  is  eight  ELOGl 
components  with  a  PCHPU  pull-up  and  an  inverted  output. 
ELSHIFT7  (Appendix  F,  Figure  32)  is  seven  ELDELAY  components 
connected  as  a  7-bit  shift  register.  ELSHIFT8  (Appendix  F, 
Figure  31)  is  eight  ELDELAY  components  connected  as  an  8-bit 
shift  register.  ELFIX7  (Appendix  F,  Figure  30)  is  seven 
ELFIXl  components  and  common  connections.  ELIN2  (Appendix  F, 
Figure  29)  is  two  EL0G8  components  with  parallel  inputs. 
ELOUT7  (Appendix  F,  Figure  27  and  Figure  28)  is  seven  ELOG8 
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components  with  parallel  inputs.  EL0UT14  (Appendix  F, 

Figure  25)  is  two  EL0UT7  components  with  parallel  inputs. 
ELSHFT14  (Appendix  F,  Figure  26)  is  two  ELSHIFT7  components 
connected  as  a  fourteen-bit  shift  register. 

Complex  Composite  Components.  Components  which  incorporate 
two  or  more  different  types  of  lower  level  structural  compo¬ 
nents  are  complex  composite  components.  There  are  two 
complex  composite  components,  ELPR07  and  ELPROJ.  Component 
ELPR07  consists  of  seven  ELPIN  components  connected  to  two 
ELIN2  components  which  implements  one  group  of  emulation  I/O 
pins.  Three  ELFIX7  components  provide  the  output  enable, 
invert  output,  and  open-drain  signals  to  each  I/O  pin  in  the 
group . 

The  highest  level  component,  ELPROJ,  is  the  complete 
microcircuit.  ELPROJ  consists  of  two  ELPR07  components  that 
provide  the  outputs  and  inputs  for  both  groups  of  emulation 
I/O  pins.  One  EL0UT14  component  provides  the  second  level 
of  the  OR-OR  programmable  logic  for  all  fourteen  emulation 
logic  I/O  pins.  An  ELSHIFT14  component  provides  the  select 
bits  to  the  EL0UT14  component  and  an  ELSHIFT7  component 
provides  the  Global  Program  Word  to  all  programmable  compos¬ 
ite  components.  ELPROJ  also  includes  a  logic  block  that 
controls  the  PHI,  PHIN,  PH2,  and  PH2N  clock  signals  and  the 
serial  data  input  SDIN.  As  shown  in  Figure  10,  input  signal 
OPERATE  forces  PHI  and  PH2  clocks  true  while  forcing  SDIN  to 
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a  low  level.  With  both  clocks  true,  the  zero  on  SDIN  propa¬ 
gates  through  the  entire  shift  register  causing  the  Program 
Word  to  be  zero.  The  inputs  on  PINAR,  PINBR,  and  PINCR 
(signals  INLA,  INLB,  and  INLC  respectively)  will  have  no 
effect  on  the  clocks  or  serial  data  input  when  OPERATE  is 
true.  When  input  signal  OPERATE  is  false,  signal  PROGEN  is 
true  and  signal  INLC  (controlled  by  input  PINCL)  controls 


clock  PHI;  signal  INLA  (controlled  by  input  PINAL)  controls 
clock  PH2;  and  signal  INLB  (controlled  by  input  PINBR) ,  when 
inverted,  controls  serial  data  input  SDIN. 


Figure  10.  Operate/ Program  Select  Logic. 


Detailed  Programming  Model.  Figures  38  through  41  in  Appen¬ 
dix  H  graphically  present  the  detailed  programming  model  of 
Microcircuit  2.  Each  programmable  connection  is  labeled  with 
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the  select  bit  number  and  the  bit  number  of  the  GPW  that 
selects  it  for  programming. 

Microcircuit  2  Test 

Emulation  Program  Words.  For  each  of  the  emulation  targets 
in  Table  7,  a  set  of  Program  Words  is  needed  to  program  both 
the  VHDL  simulation  of  Microcircuit  2  and  the  actual 
microcircuit.  Program  Words  for  each  of  the  emulation 
targets  are  presented  as  tables  in  Appendix  I.  The  Lotus 
Symphony  spreadsheet  was  used  to  generate  the  GPW  values 
directly  from  the  table  entries. 

VHDL  Test.  All  VHDL  models  were  analyzed  and  simulated. 

The  highest  level  module,  the  test  bench,  contains  the  test 
cases.  The  test  bench,  CH2BNCH,  was  executed  and  provided 
results  for  each  of  the  emulated  circuit  types.  Results  of 
the  VHDL  tests  are  presented  in  tabular  form  in  Appendix  J. 
Each  table  shows  the  test  cases  tested  (inputs)  and  the 
outputs  obtained.  All  expected  and  actual  outputs  are 
Identical  and  are  not  listed  separately. 

Test  Fixture  For  Microcircuit  2.  Schematic  diagrams  of  the 
test  fixture  that  was  designed  and  fabricated  to  test 
Microcircuit  2  are  presented  in  Appendix  L,  Figure  49  and 
Figure  50.  Features  of  the  test  fixture  include  a  computer 
interface,  programming  pulse  generation  and  voltage  transla¬ 
tion,  clock  and  data  inputs  to  the  UUT,  and  input  logic 
level  setting. 


48 


The  test  fixture  is  controlled  through  Jl,  a  standard 
thirty-six  pin  parallel  printer  connector.  High-voltage 
programming  voltage  translation  circuits  are  similar  to  the 
circuits  used  on  the  test  fixture  for  Microcircuit  1  and 
previously  described  in  Chapter  3. 

Program  pulse  generation  is  performed  by  XI,  a  74121 
mono-stable  multivibrator,  which  generates  a  positive  10-mS 
pulse  whenever  the  signal  PULSE  transitions  to  a  high  level. 
The  pulse  width  may  be  adjusted  to  10-mS  using  variable 
resistor  R7.  The  pulse  is  gated  by  two  sections  of  X2,  a 
74LS08  AND  gate,  such  that  a  programming  pulse  is  applied  to 
the  VPP-  (erase  voltage)  translation  circuit  when  signal 
ENERA  is  high,  or  to  the  VPP+  (programming  voltage)  transla¬ 
tion  circuit  when  signal  ENPRO  is  true.  Each  of  the  signals 
which  trigger  the  pulse  and  gate  it  to  a  translation  circuit 
is  an  input  from  the  control  interface. 

When  signal  OPERATE  is  false,  serial  data  input  and 
phase- 1  and  phase-2  clock  inputs  are  applied  to  the  appro¬ 
priate  pins  on  the  UUT  by  X4,  a  three-state  buffer.  When 
OPERATE  is  true,  logic  levels  set  by  multiple-section 
switches  SW2  and  SW3  are  applied  to  the  logic  emulation 
pins.  Each  logic  level  applied  is  routed  through  a  lOK-Ohm 
resistor  so  that  if  the  individual  logic  emulation  pin  is 
programmed  as  an  output,  it  will  overcome  the  relatively 
weak  input.  Each  logic  emulation  pin  is  connected  to  a  test 
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point  which  allows  monitoring  of  the  level  by  an  oscillo¬ 
scope  or  multi-meter. 

Test  Software  For  Microcircuit  2.  The  control  program  for 
the  Microcircuit  2  test  fixture.  Appendix  M,  is  written  in 
Borland  Turbo  Pascal  and  executes  on  an  ATT-6300  (or  equiva¬ 
lent  IBM-PC  compatible)  personal  computer  with  a  printer 
interface  base  port  address  of  378, g.  Functions  provided 
include  individual  signal  set/reset  for  each  of  the  input 
signals,  erase,  clock  control,  input  program  word,  write 
program  word,  program  single  word,  input  program  word  file 
name,  and  program  with  parameters  in  file. 

Test  Results  For  Microcircuit  2.  Four  chips  were  fabricated 
in  the  Orbit  Semiconductor  2-micron  N-well  low  noise  analog 
CMOS  process  through  MOSIS.  The  chips  were  marked  with 
identifying  numbers  one  through  four.  Sample  #1  was  tested 
using  the  test  fixture  and  control  program,  with  the  high 
VDD  set  to  +7V  during  programming  and  erasure.  Proper 
serial  register  functioning  was  verified  and  several  unsuc¬ 
cessful  attempts  program  the  chip  with  the  7400  emulation 
program  words  were  made.  Initial  programming  was  attempted 
with  VPP+  set  to  12.25V,  IIV,  and  13V.  After  each  program¬ 
ming  attempt  the  logic  function  was  tested.  No  consistent 
results  were  obtained.  After  one  programming  attempt,  the 
temperature  of  Chip  #1  increased  and,  after  removing  all 
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voltages  applied  to  Chip  #1  then  reapplying  VDD,  a  test  of 
the  serial  register  function  failed. 

The  high  VDD  voltage  feature  of  the  test  fixture  was 
disabled  and  Chip  #2  was  programmed  with  VDD  set  to  +5V. 
Programming  with  the  full  set  of  program  words  for  the  7400 
was  not  successful.  A  reduced  set  of  the  7400  emulation 
program  words  was  used  to  program  Chip  #2,  with  VPP+  set  to 
+10. 9V,  such  that  after  the  application  of  four  10-mS  pulses 
output  PINCR  performed  the  HAND  function.  The  high  VDD  was 
then  re-enabled  and  Chip  #2  was  programmed  with  the  full  set 
of  7400  emulation  program  words.  Using  VPP+  of  +11. 5V, 
outputs  PINCL  generated  the  HAND  function  after  ten  10-mS 
programming  pulses  were  applied. 

After  programming  with  ten  additional  10-mS  +11. 5V 
pulses  outputs  PINCR  and  PINCL  responded  correctly  and 
generated  the  NAND  function.  Proper  response  was  not  ob¬ 
tained  from  outputs  PINFR  and  PINFL.  After  repeated  at¬ 
tempts  to  program  the  complete  NAND  function  Chip  #2  became 
non-functional  while  being  programmed. 

Attempts  to  program  Chip  #3  and  Chip  #4  were  made  with 
the  7400  and  7404  emulation  words.  Programming  was  attempted 
at  10.5,  11.0,  11.5,  12.0,  12.5,  and  13.0  Volts.  Although 
some  of  the  cells  were  being  programmed  as  evidenced  by  the 
outputs  becoming  active  (since  when  all  cells  are  erased  the 
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outputs  are  in  the  high- impedance  state)  consistent  results 
were  not  obtained. 

Summary 

Microcircuit  2  was  designed  to  emulate  the  logic  func¬ 
tion  of  a  set  of  TTL  components.  Verification  of  the  design 
was  performed  using  a  VHDL  model  of  Microcircuit  2  which 
successfully  emulated  the  TTL  components.  The  chip  was 
fabricated  and  one  sample  of  the  chip  was  partially  func¬ 
tional  . 

One  reason  for  the  lack  of  uniform  programmability  in 
the  fabricated  circuit  is  a  design  error.  The  logic  level 
applied  to  the  SDIN  signal  (which  sets  the  level  of  both 
inputs  of  the  NAND  gate  which  sets  the  control  gate  voltage) 
is  low  when  OPERATE  is  true.  This  means  that  the  control 
gate  input  of  the  floating  gate  transistor  is  at  +5V  during 
logic  emulation  and  the  threshold  voltage  must  be  above  that 
level  for  the  floating  gate  transistor  to  be  non-conducting. 
The  SDIN  signal  should  have  been  high  during  operation, 
resulting  in  a  low  on  the  control  gate  inputs  of  all  float¬ 
ing  gate  transistors.  The  VHDL  model  for  the  floating  gate 
transistor  does  not  use  the  control  gate  input  as  a  factor 
in  determining  the  state  of  the  transistor  except  during 
programming  and  therefore  did  not  provide  visibility  of  the 
error. 


52 


V.  Summary  and  Conclusions 

Summary 

Two  integrated  circuits  were  designed,  fabricated,  and 
tested  to  demonstrate  programmable  logic  for  use  as  a  re¬ 
placement  for  obsolete  TTL  combinational  logic  components. 
Microcircuit  1  incorporated  test  circuits  to  allow  experi¬ 
mental  determination  of  the  programming  characteristics  of 
floating  gate  transistors  and  the  demonstration  of  rudimen¬ 
tary  programmable  logic  functions.  Test  results  on 
Microcircuit  1  indicate  that  the  programmability  of  floating 
gate  transistors  fabricated  in  the  MOSIS  2-fim  N-well  low 
noise  analog  process  varies  widely  even  between  transistors 
on  the  same  chip.  Microcircuit  2  was  designed  to  emulate 
the  logic  emulation  function  of  a  group  of  TTL  combinational 
logic  chips.  Partial  functionality  was  demonstrated  but 
full  functionality  was  not  achieved.  The  most  likely  rea¬ 
sons  for  the  lack  of  full  functionality  are  a  combination  of 
a  design  error  (+5V  applied  to  the  control  gate  inputs  of 
the  floating  gate  transistors  during  normal  operation)  and 
the  previously  noted  variability  of  programming  characteris¬ 
tics  of  the  floating  gate  transistors.  Even  so,  proper 
logic  functionality  was  obtained  from  two  sections  of  one 
test  circuit  (Chip  #3) .  The  destruction  during  test  of  two 
samples  of  Microcircuit  2  may  have  been  due  to  latchup  while 
VDD  was  raised  to  +7V  for  programming. 
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Conclusions 


Designs  of  programmable  devices  for  replacement  of 
obsolete  TTL  circuits  can  be  demonstrated  using  circuits 
fabricated  through  MOSIS.  Floating  gate  transistors  that 
use  Fowler-Nordheim  tunneling  for  programming  and  erasing 
can  be  used  as  programmable  cells  in  such  devices.  The 
variability  of  the  programming  characteristics  of  the  pro¬ 
grammable  cells  makes  the  selection  of  the  proper  program¬ 
ming  profile  a  critical  task.  Control  of  the  programming 
characteristics  of  the  devices  would  reguire  control  over 
the  inter-poly  oxide  thickness  and  surface  smoothness  of  the 
polysilicon  layers  at  the  injectors. 

Rscommendations . 

Microcircuit  1.  Further  tests  could  be  made  on  Micro- 
circuit  1.  Only  six  of  the  twelve  circuits  fabricated  were 
tested,  leaving  six  circuits  that  have  never  been  pro¬ 
grammed.  Appropriate  tests  can  be  devised  that  use  the  test 
cells  on  the  circuits  to  measure  the  effects  of  electron 
trapping  in  the  oxide  layer  on  programming  characteristics. 
Since  the  tunneling  characteristics  of  the  devices  are  not 
uniform,  measurement  of  programming  characteristics  at  lower 
programming  voltages  (using  long  programming  pulses)  and 
higher  programming  voltages  (using  short  pulses)  may  assist 
in  determining  a  more  repeatable  programming  profile  for  the 
devices. 
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Microcircuit  2.  Several  simple  changes  to  the  Micro- 
circuit  2  design  should  allow  the  circuit  to  function  prop¬ 
erly.  Changes  recommended  are  connecting  the  phase-1  clock, 
phase-2  clock,  and  the  serial  data  inputs  to  input  pins  to 
allow  direct  external  control  of  these  signals.  In  addi¬ 
tion,  the  eight  intermediate  logic  signals,  RTERMO-3  and 
LTERMO-3,  should  be  connected  to  output  pins  to  enhance 
testability. 

Another  change,  which  would  require  more  extensive 
modifications  to  the  layout,  would  be  to  add  a  programmable 
inversion  stage  to  each  intermediate  logic  term.  This  would 
increase  the  number  of  TTL  types  that  can  be  emulated, 
including  allowing  the  emulation  of  the  XOR  and  XNOR  func¬ 
tions. 

One  other  modification,  which  might  increase  the 
programmability  of  the  circuit,  would  be  to  provide  a  global 
control  gate  voltage  that  could  be  varied  between  ground  and 
VDD  potentials.  This  voltage  would  be  routed  to  every 
programmable  cell,  possibly  replacing  either  the  VDD  or 
ground  connection  on  the  NAND  gates  that  drive  the  control 
gate.  The  control  gate  voltage  could  then  be  varied, 
allowing  different  programming  profiles  to  be  developed  and 
tested . 

Complete  Emulation.  To  emulate  a  TTL  component  completely, 
the  replacement  device  should  meet  the  specifications  of  the 
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original  device  and  function  identically  in  a  circuit  de¬ 
signed  to  operate  with  the  TTL  component.  Microcircuit  2 
does  not  match  the  drive,  input  current,  or  timing  of  the 
emulated  circuits.  Three  additions  to  the  design  would  be 
needed  to  emulate  a  group  of  TTL  components  completely. 

First,  an  I/O  circuit  that  can  emulate  the  character¬ 
istics  of  a  TTL  input  or  output  is  needed.  Such  a  design, 
in  a  Bi-CMOS  technology,  could  use  bipolar  components  for 
input  sensing  and  output  driving.  Certain  characteristics 
of  the  I/O  pin  should  be  programmable.  Suggested  programma¬ 
ble  parameters  are  output  drive  capability,  input  pin  source 
current,  input  hysterisis,  and  output  delay.  Practical 
considerations  may  limit  initial  research  to  technologies 
available  through  MOSIS  even  though  the  characteristics  of 
the  bipolar  transistors  that  can  be  fabricated  in  processes 
presently  available  through  MOSIS  may  not  allow  emulation  of 
any  but  the  slowest  TTL  family. 

Second  would  be  a  voltage  comparator  that  can  sense  the 
absolute  supply  voltage.  An  actual  emulation  circuit  has 
only  the  emulated  I/O  pins  and  power  and  ground  pins.  There 
are  no  pins  available  that  can  be  dedicated  to  selecting  the 
mode  of  operation.  If  the  circuit  can  sense  that  the  volt¬ 
age  applied  to  the  VCC  pin  exceeds  some  voltage  (which  also 
exceeds  the  +7V  absolute  maximum  rating  of  TTL  circuits) , 
then  the  sensed  condition  can  set  the  operating  mode  to 
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program/ erase  and  the  circuit  I/O  pins  can  be  used  to  con¬ 
trol  programming  and  erasure.  This  is  the  same  as  the 
function  of  the  OPERATE  input  to  Microcircuit  2. 

The  last  addition  to  the  design  is  a  programming  and 
erasing  pulse  generation  and  control  circuit.  Components  of 
this  circuit  include  a  positive  high  voltage  supply,  a 
negative  high  voltage  supply,  and  switching  circuits  to 
control  pulse  gating.  The  high  voltage  generation  circuits 
can  be  charge  pumps  that  rely  on  externally  generated  clocks 
that  are  fed  to  the  circuit  through  I/O  pins.  Pulse  gating 
and  timing  can  also  be  controlled  externally.  The  current 
required  from  the  high  voltage  circuits  is  low  since  pro¬ 
gramming  and  erasing  are  performed  using  Fowler-Nordheim 
tunneling. 

Advanced  Architecture.  The  architecture  of  Microcircuit  2, 
even  with  the  addition  of  invertible  intermediate  terms,  is 
limited  in  the  number  of  part  types  it  can  emulate.  An 
advanced  architecture  should  allow  the  emulation  of  a  much 
larger  number  of  TTL  part  types.  Multiplexers,  decoders, 
sequential  circuits  (including  flip-flops,  counters,  and 
shift  registers) ,  and  special  purpose  circuits  are  candi¬ 
dates  for  emulation.  So  as  to  emulate  the  largest  possible 
number  of  TTL  components  on  a  small  die,  the  architecture 
may  become  more  special  purpose  and  have  features  that 
support  one  or  several  special  cases.  Alternately,  several 
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different  architectures,  each  of  which  supports  a  certain 
class  of  components,  may  be  a  more  effective  solution. 
Schematic  to  VHDL.  The  program  developed  to  generate  VHDL 
structural  descriptions  from  a  pin  list  generated  by  the 
SCHEMA  post-processing  utility  (Appendix  C)  proved  to  be 
very  useful  by  greatly  reducing  the  time  needed  to  generate 
the  models  for  simulation.  The  program  is  limited  to  signal 
types  contained  in  MVL7  and  resolved  type  DOTX  end  does 
little  error  checking.  Either  developing  this  program  or 
identifying  and  obtaining  a  commercial  program  that  performs 
the  same  function  would  be  useful. 

Automated  Design  Checking.  The  design  of  Microcircuit  2 
evolved  such  that  there  was  a  general  correspondence  of 
design  modules  (both  VHDL  models  and  drawings)  and  MAGIC 
layout  blocks.  Given  such  a  correspondence,  it  should  be 
possible  to  extract  the  design  from  the  MAGIC  layout  and 
automatically  compare  the  layout  net  list  to  the  design  net 
list.  Such  checking  should  greatly  decrease  the  likelihood 
of  layout  errors  and  the  development  of  whatever  software  is 
needed  to  make  the  net  list  comparisons  is  recommended. 
Lessons  Learned 

Testability.  The  design  of  Microcircuit  2  included  the  logic 
for  pin  sharing  during  programming  and  erasure.  Since  the 
shift-register  level  was  incorrect  during  operation  due  to  a 
design  error,  test  results  were  limited.  Using  separate 
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dedicated  pins  for  programming  control  would  have  allowed 
full  testing  of  the  microcircuit.  Also,  connecting  interme¬ 
diate  outputs  to  I/O  pins  (perhaps  even  straight  connections 
to  allow  externally  over-riding  the  levels)  would  have 
enhanced  testability.  Since  there  were  unused  pins  on  the 
package,  both  of  these  changes  could  have  been  implemented. 

Microcircuit  1  included  certain  circuits  to  allow 
reading  back  the  state  of  a  programmed  cell.  These  circuits 
were  not  tested;  however,  since  each  cell  was  associated 
with  a  shift-register  element,  the  die  area  taken  up  by  such 
a  circuit  is  excessive.  There  remains  a  need  for  an  area 
efficient  method  to  determine  the  state  of  each  programmable 
cell  in  the  circuit. 
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Appendix  A:  Microcircuit  1 
Schematic  Diagrams, 
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Figur#  13.  Minr-noircuit  1  Top  Level  Schematic  Diagram. 

Sheet  3  of  5. 
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Flgur*  14.  Microcircuit  l  Top  Level  Schematic  Diagram. 

Sheet  4  of  5. 
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Figura  16.  Microcircuit  1  Subcell  ECELLl  Schematic  Dia¬ 
gram. 
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ECELL 1 


Figure  17.  Microcircuit  1  Subcell  ECELL2  Schematic  Dia¬ 
gram. 
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Figur*  18. 
gram. 
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Appendix  B:  VHDL  Models  For 
Microcircuit  1. 
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Test  Bench  CH2BNCH  VHDL  Model 


--  Date:  19  Sep  91 
--  Version:  2 

--  Unix  filename:  chibnch.vhd 

--  This  is  a  test  bench  for  module  CHIP1 

--  The  framework  was  generated  by  AVG,  then  customized 

--  by  adding  the  process  and  configuration  sections 


Library  ZYCAD; 
use  ZYCAD. types. al I ; 
use  WORK. all; 

entity  CH1BNCH  is 
end  CH1BNCH; 

--  end  entity 

architecture  A  of  CHIBNCH  is 
--  SIGNAL  DECLARATIONS  HERE 


signal  GND  :  MVL7  :='0'; 
signal  VDD  :  HVL7  :='1'; 


signal 

CGATE 

MVL7; 

signal 

DRAIN1 

:  MVL7; 

signal 

DRAIN2 

:  MVL7; 

signal 

DRAIN3 

:  HVI.7; 

signal 

DRAIN4 

:  HVL7; 

signal 

DRAINS 

:  MVL7; 

signal 

DRAIN6 

:  MVL7; 

signal 

DRAIN7 

:  MVL7; 

signal 

DRAINS 

;  MVL7; 

signal 

DRAIN9 

:  HVL7; 

signal 

DRAINIO  :  MVL7 

signal 

INJ1  : 

MVL7; 

signal 

INJ2  : 

MVL7; 

signal 

SDATIN 

:  MVL7; 

signal 

PH1N  : 

MVL7; 

signal 

PHI  :  MVL7; 

signal 

PH2M  : 

MVL7; 

signal 

PH2  :  MVL7; 

signal 

SHIFT 

MVL7; 

signal 

SHIFTN 

:  MVL7; 

signal 

L0GIC1 

:  MVL7; 

signal 

L0GIC2 

:  MVL7; 

signal 

LOG ICO 

:  MVL7; 

s i gna 1 

OCBO  : 

DotX; 

signal 

SDOUT 

MVL7; 

signal 

OUTO  : 

MVL7; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

component  CHI  PI  port{ 
INJCTR2:  in  MVL7; 

INJCTR1:  in  MVL7; 

GATES:  in  MVL7; 

DRAIN1:  inout  MVL7; 

GN02:  in  MVL7; 

DRAIN2:  inout  MVL7; 

DRAINS:  incut  MVL7; 

DRAIH4:  inout  MVL7; 
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DRAINS:  inout  HVL7; 

DRAIN6:  inout  MVL7; 

DRAIH7:  inout  MVL7; 

DRAINS:  inout  NVL7; 

DRAIN9:  inout  MVL7; 

DRAIN10:  inout  HVL7; 

VDPI:  in  MVL7; 

TJ1:  in  MVL7; 

TJ2:  in  MVL7; 

RFU1:  in  MVL7; 

RFU2:  in  MVL7; 

RFU3:  in  MVL7; 

RFU4:  in  NVL7; 

TDATIN:  in  MVL7; 

INJ1:  in  HVL7; 

INJ2:  in  HVL7; 

GND1:  in  MVL7; 

SDIN:  in  MVL7; 

PH1N;  in  HVL7; 

PHI:  in  HVL7; 

PH2N:  in  MVL7; 

PH2:  in  MVL7; 

SHFT:  in  MVL7; 

SHFTN:  in  MVL7; 

LOGIC1:  in  MVL7; 

LOGIC2:  in  HVL7; 

VDD2:  in  MVL7; 

LOGICO:  in  MVL7; 

OCBO:  inout  DotX; 

SOOUT:  out  HVL7; 

OUTO:  out  MVL7; 

OCB1:  inout  DotX); 
end  component ; 

begin 

X1:  CHIP1  PORT  NAP  (  GND.GND,  CGATE,  DRAIN1,  GND, 

DRAIN2,  DRAIN3,  DRAIN4,  DRAINS,  DRAINS, 
DRAIN7,  DRAINS,  DRAIN9,  DRAINIO,  VDD, 
GND, GND, GND, GND, GND, 

GND, GND,  INJ1,  INJ2,  GND, 

SDATIN,  PH1N,  PHI,  PH2H,  PH2, 

SHIFT,  SHIFTN,  LOGIC1,  LOGIC2,  VDD, 
LOGICO,  OCBO,  SDOUT,  OUTO,  OPEN); 

DRIVE:  Process 
procedure  tick  is 
begin 

PHI  <=  'V; 

PH1N  <*  'O'; 
wait  for  20  ns; 

PHI  <=  'O'; 

PH1N  <=  '1'; 

PH2  <=  '1'; 

PH2H  <=  'O'; 
wait  for  20  NS; 

PH2  <=  'O'; 

PH2N  <=  '1'; 
wait  for  20  NS; 
end  tick; 

procedure  ERASE  is 
begin 

--  ERASE  CYCLE 
SDATIN  <=  '1'; 

PHI  <=  '1'; 

PH2  <=  '1'; 
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PH1N  <=  'O'; 

PH2M  <=  'O'; 

--  BOTH  CLOCKS  TRUE.  ALL  GATES  ARE  1. 
wait  for  250  NS; 

INJ2  <=  '1'; 
wait  for  50  NS; 

1NJ2  <=  'O'; 

PH1  <=  'O'; 

PH2  <=  'O'; 

PH1N  <=  '1'; 

PH2N  <=  '1'; 
wait  for  50  NS; 

--  ALL  CELLS  SHOULD  NOW  BE  ERASED 
end  ERASE; 

procedure  SRURITE  (  dat  :  in  integer)  is 
variable  temvar.teindat  :  integer; 
variable  temvas:  HVL7; 

--  Will  load  22  bit  shift  register  with  data  pattern  in  dat 
begin 

temdat  dat; 

Loop): 

--  This  loop  takes  the  input  data  and  shifts  the 
--  complement  into  the  register 
for  indx  in  0  to  21  loop 
temvar:z  temdat  rem  2; 
temdat  temdat  /  2; 
if  temvar  =  1  then  temvas  :=  'O'; 

else  temvas  ;=  '1'; 
end  if; 

SDATIN  <=  temvas; 
tick; 

end  loop  loopi; 
end  SRURITE; 

procedure  PROGRAM  (  dat  :  in  integer)  is 
variable  temvar, temdat  :  integer; 
begin 
ERASE; 

SRURITE(dat); 

INJ1  <»  '1'; 

WAIT  FOR  20  NS; 

INJI  «  'O'; 

■'  Cells  are  progranned  now 
logic  test  now 
WAIT  FOR  10  NS; 

--  CASE  000  <i.e.  LOGIC2  =  0,  LOGIC1  =  0,  LOGICO  =  0 
LOGICO  <=  'O'; 

LOGIC1  <=  'O'; 

L0GIC2  <*  'O'; 

WAIT  FOR  20  NS; 

CASE  001 
LOGICO  <=  '1'; 

WAIT  FOR  10  NS; 

--  CASE  010 
LOGICO  <=  'O'; 

LOGIC1  <=  '1'; 

WAIT  FOR  10  NS; 

--  CASE  Oil 
LOGICO  <»  '1'; 

WAIT  FOR  10  NS; 

--  CASE  100 
LOGICO  <=  'O'; 

LOGIC1  «  'O'; 

LOGIC2  <=  '1'; 

WAIT  FOR  20  NS; 

--  CASE  101 
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LOGICO  <»  M'; 
WAIT  FOR  20  NS; 
--  CASE  110 
LOGICO  <»  'O'; 
L0GIC1  <»  '1'; 
WAIT  FOR  20  NS; 
--  CASE  111 
LOGICO  <»  '1'; 
WAIT  FOR  20  NS; 
end  PROGRAM; 


--  BEGIN  TEST 
begin 

--  INITIALIZE 
INJ1  <=  'O'; 

INJ2  <=  'O'; 

SOATIN  <=  'O'; 

PHI  <=  'O'; 

PHIN  <=  '1'; 

PH2  <=  'O'; 

PH2N  <»  '1'; 

LOGICO  <*  '1'; 

L0GIC1  <*  '1'; 

L0GIC2  <=  '1'; 

SHIFT  <»  '1'; 

SHIFTS  <=  'O'; 

WAIT  FOR  10  NS; 

PROGRAM(16#0A840#); 

PROGRAM(16«05480«); 

PROGRAM(16ilK)A880«); 

PROGRAM(16#05440«); 

PR0GRAM(  16#246160ill); 

PROGRAM! 16#285180#); 

--  Now  the  OCBO  tests 
PROGRAM! 16«2A0000«); 

PROGRAM! 16#150000#) ; 

WAIT; 

end  process; 
end  A; 

configuration  CTEST  of  CH1BNCH  is 
for  A 

for  all  :  CHIP1 

use  entity  UORK.CHIPUstructure); 

end  for; 
end  for; 
end  CTEST; 
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Top  Level  CHtPl  VHDL  Model 


--  VHDL  GENERATED  BY  AVG  FROM  FILE  CHIPK.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental) 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Modified  to  remove  connector  PI  references 
Generated  on  09-19-1991  at  16:46:28 


Library  ZYCAD; 
use  ZYCAD.types.all; 
use  WORK. all; 


entity  CHIP1  is 
port( 

INJCTR2:  in  MVL7; 

INJCTR1:  in  MVL7; 

GATES:  in  MVL7; 

DRAIN1:  inout  MVL7; 

GND2:  in  MVL7; 

DRAIN2:  inout  MVL7; 

DRAIN3:  inout  MVL7; 

DRAIN4:  inout  MVL7; 

DRAINS:  inout  MVL7; 

DRAIN6:  inout  MVL7; 

DRAIN7:  inout  MVL7; 

DRAIN8:  inout  NVL7; 

DRAIN9:  inout  MVL7; 

DRAIN10:  inout  MVL7; 

VDD1:  in  MVL7; 

TJ1:  in  MVL7; 

TJ2:  in  MVL7; 

RFU1:  in  MVL7; 

RFU2:  in  MVL7; 

RFU3:  in  MVL7; 

RFU4:  in  MVL7; 

TDATIN:  in  MVL7; 

INJ1:  in  MVL7; 

INJ2:  in  MVL7; 

GNDI:  in  MVL7; 

SDIN:  in  NVL7; 

PH1N:  in  MVL7; 

PHI:  in  MVL7; 

PH2N:  in  MVL7; 

PH2:  in  MVL7; 

SHFT:  in  MVL7; 

SHFTN:  in  MVL7; 

LOGIC1:  in  MVL7; 

LOGIC2:  in  MVL7; 

VDD2:  in  MVL7; 

LOGICO:  in  MVL7; 

OCBO:  inout  DotX; 

SDOUT:  out  MVL7; 

OUTO:  out  HVL7; 

OCBI:  inout  DotX  ); 
end  CHIP1; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 


architecture  structure  of  CHIP1  is 


--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  MVL7  :s'0'; 
signal  VDD  :  MVL7  :='1'; 
signal  S04076022  :  MVL7; 
signal  S04075060  :  MVL7; 
signal  NORBI4  :  DotX; 
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signal  N0RT3  :  OotX; 
signal  NORNAIN  :  DotX; 
signal  NORTP1  :  DotX; 
signal  N0RTP2  :  OotX; 
signal  S03020042  :  HVL7; 
signal  LOGOM  :  KVL7; 
signal  S03033042  :  NVL7; 
signal  LOGO  :  NVL7; 
signal  S03045042  :  NVL7; 
signal  S03057042  :  NVL7; 
signal  L0G1  :  NVL7; 
signal  S03070042  :  MVL7; 
signal  L0G2N  :  MVL7; 
signal  S03007020  :  MVL7; 
signal  L0G2  :  NVL7; 
signal  LOGIN  :  HVL7; 
signal  S03020020  :  HVL7; 
signal  S03033020  :  HVL7; 
signal  S03045020  :  HVL7; 
signal  S03057020  :  HVL7; 
signal  S03070020  :  HVL7; 
signal  S010  :  MVL7; 
signal  UGRPN  :  MVL7; 
signal  LGRPN  :  MVL7; 
signal  UGRP  :  MVL7; 
signal  LGRP  :  MVL7; 
signal  S04020042  :  MVL7; 
signal  S04033042  :  MVL7; 
signal  S04045042  :  NVL7; 
signal  S04057042  :  NVL7; 
signal  S04007020  :  MVL7; 
signal  S04020020  :  MVL7; 
signal  S04033020  :  NVL7; 
signal  S0404S020  :  MVL7; 
signal  S04057020  ;  MVL7; 
signal  S04070020  :  NVL7; 
signal  S04066060  :  HVL7; 
signal  S04079020  :  MVL7; 
signal  S0S020042  :  MVL7; 
signal  S05033042  :  NVL7; 
signal  S05045042  :  MVL7; 
signal  S0S007020  :  HVL7; 
signal  S0S020020  :  MVL7; 
signal  S05033020  :  NVL7; 
signal  S0S045020  :  NVL7; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

component  INJCTR  port( 

PIN1  ;  in  MVL7; 

PIN2  :  in  HVL7); 

end  component; 


component  inverter 

port( input:  in  MVL7;  output:  out  MVL7); 
end  component; 
component  pchpu 

--  P-CHANNEL  HOS  TRANSISTOR  USED  AS  A  PULL-UP  RESISTOR 
port<  PULLUP  :  inout  OotX); 
end  component; 
component  EEPPM1 
portlDRAIN  :  inout  DotX; 

GATE  :  in  MVL7; 

INJ1  :  in  MVL7; 
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INJ2  :  in  HVL7); 
end  component; 
component  TPAO  port( 

PIN1  :  in  HVL7); 
end  component; 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ECELLI(.NPL) 

Autometic  VHDL  Generator  (AVG)  V  0.98  (Developmental) 
Generated  on  09-19-1991  at  16:46:26 

component  ECELLI  port( 

DATA:  in  MVL7; 

DATOUT:  inout  MVL7; 

PH2N:  in  MVL7; 

PHI:  in  MVL7; 

PHIN:  in  HVL7; 

PH2:  in  MVL7; 

NOROUT:  inout  DotX; 

SHIFT:  in  MVL7; 

SHIFTN:  in  MVL7; 

TERHIN:  in  MVL7; 

ERASEV:  in  MVL7; 

PROGV:  in  MVL7); 
end  component; 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ECELL2(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental) 
Generated  on  09-19-1991  at  16:46:27 

component  ECELL2  port( 

DATA:  in  MVL7; 

DATOUT:  inout  MVL7; 

PH2N:  in  MVL7; 

PHI:  in  MVL7; 

PH1N;  in  MVL7; 

PH2:  in  MVL7; 

NOROUT:  inout  DotX; 

SHIFT;  in  MVL7; 

SHIFTN:  in  MVL7; 

TERMIN:  in  MVL7; 

ERASEV;  in  MVL7; 

PROGV:  in  HVL7); 
end  component; 


begin 


IJ1:  INJCTR  PORT  MAP  (  TJ1,  TJ2); 


P1INV38:  INVERTER  PORT  MAP  (  S04076022,  SOOUT); 

P1INV39:  INVERTER  PORT  MAP  (  S04075060,  OUTO); 

P1INV40;  INVERTER  PORT  MAP  (  NORBI4,  OCB1); 

R1:  PCHPU  PORT  MAP  (  OCBO); 

R2:  PCHPU  PORT  MAP  (  NORT3); 

R3:  PCHPU  PORT  MAP  (  NORMAIN); 

TCELL1:  EEPPM1  PORT  MAP  (  DRAINI,  GATES,  INJCTRI,  INJCTR2); 
TCELL10:  EEPPM1  PORT  MAP  (  DRAIN10,  GATES,  INJCTRI,  INJCTR2); 
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TCELL2:  EEPPM1  PORT  HAP  (  DRAIN2,  GATES,  1NJCTR1,  IHJCTR2); 

TCELL3:  EEPPM1  PORT  NAP  (  DRAINS,  GATES,  1NJCTR1,  INJCTR2); 

TCELL4:  EEPPM1  PORT  HAP  (  0RAIN4,  GATES,  1NJCTR1,  1NJCTR2); 

TCELL5:  EEPPH1  PORT  HAP  (  DRAINS,  GATES,  INJCTR1,  1NJCTR2); 

TCELL6:  EEPPH1  PORT  HAP  (  DRAIN6,  GATES,  INJCTR1,  INJCTR2); 

TCELL7:  EEPPH1  PORT  HAP  (  DRAIN/,  GATES,  INJCTR1,  INJCTR2); 

TCELL8:  EEPPH1  PORT  HAP  (  DRAINS,  GATES,  INJCTR1,  INJCTR2); 

TCELL9:  EEPPH1  PORT  HAP  (  DRAIN9,  GATES,  INJCTR1,  INJCTR2); 

TP1:  TPAD  PORT  HAP  {  NORTP1); 

TP2:  TPAD  PORT  HAP  <  NORTP2); 

X01:  ECELL1  PORT  HAP  (  SDIN,  S03020042,  PH2N,  PHI,  PHIN, 

PH2,  OCBO,  SHFT,  SHFTN,  LOGON, 

INJ2,  INJ1); 

X02:  ECELL1  PORT  HAP  (  S03020042,  S03033042,  PH2N,  PHI,  PHIN, 
PH2,  OCBO,  SHFT,  SHFTN,  LOGO, 

INJ2,  INJ1); 

X03:  ECELL1  PORT  HAP  (  S03045042,  S03057042,  PH2N,  PHI,  PHIN, 
PH2,  OCBO,  SHFT,  SHFTN,  LOG1, 

INJ2,  INJ1); 

X04:  ECELL1  PORT  HAP  <  S03057042,  S03070042,  PH2N,  PHI,  PH1N, 
PH2,  OCBO,  SHFT,  SHFTN,  LOG2N, 

INJ2,  INJ1); 

X05:  ECELL1  PORT  HAP  (  S03070042,  S03007020,  PH2N,  PHI,  PHIN, 
PH2,  OCBO,  SHFT,  SHFTN,  LOG2, 

INJ2,  INJ1); 

X06:  ECELLI  PORT  HAP  <  S03033042,  S03045042,  PH2H,  PHI,  PHIN, 
PH2,  OCBO,  SHFT,  SHFTN,  LOGIN, 

INJ2,  INJI); 

X07:  ECELLI  PORT  HAP  (  S03007020,  S03020020,  PH2N,  PHI,  PHIN, 
PH2,  NORT3,  SHFT,  SHFTN,  LOGON, 

INJ2,  INJ1); 

X08:  ECELL1  PORT  HAP  (  S03020020,  S03033020,  PH2N.  PHI,  PHIN, 
PH2,  HORT3,  SHFT,  SHFTN,  LOGO, 

INJ2,  INJ1); 

X09:  ECELLI  PORT  HAP  (  S03045020,  S03057020,  PH2N,  PHI,  PHIN, 
PH2,  NORT3,  SHFT,  SHFTN,  LOCI, 

INJ2,  INJ1); 

X10:  ECELLI  PORT  HAP  (  S03057020,  S03070020,  PH2N,  PHI,  PHIN, 
PH2,  NORT3,  SHFT,  SHFTN,  LOG2N, 

INJ2,  INJI); 

X11:  ECELLI  PORT  HAP  (  S03070020,  SD10,  PH2N.  PHI,  PHIN, 

PH2,  HORT3,  SHFT,  SHFTN,  LOG2, 

INJ2,  INJI); 

X12:  ECELL1  PORT  HAP  (  S03033020,  S0304S020,  PH2N,  PHI,  PHIN, 
PH2,  NORT3,  SHFT,  SHFTN,  LOGIN, 

INJ2,  INJI); 
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X13:  INVERTER  PORT  NAP  (  LOGIC2,  LOG2N}; 

XU:  INVERTER  PORT  NAP  (  L0GIC1,  LOGIN); 

X15:  INVERTER  PORT  NAP  (  LOGICO,  LOGON); 

X16:  INVERTER  PORT  NAP  (  LOGON,  LOGO); 

X17:  INVERTER  PORT  NAP  (  LOGIN,  LOG1); 

X18:  INVERTER  PORT  NAP  (  LOG2N,  LOG2); 

X19:  INVERTER  PORT  NAP  (  NORT3,  UGRPN); 

X20:  INVERTER  PORT  NAP  (  OCBO,  LGRPN); 

X21:  INVERTER  PORT  NAP  (  UGRPN,  UGRP); 

X22:  INVERTER  PORT  NAP  (  LGRPN,  LGRP); 

X23:  ECELL1  PORT  NAP  (  S010,  S04020042,  PH2N,  PHI,  PH1N, 

PH2,  NORNAIN,  SHFT,  SHFTN,  LGRPN, 

INJ2,  INJ1); 

X24:  ECELL1  PORT  NAP  (  S04020042,  S04033042,  PH2N,  PHI,  PHIH, 
PH2,  NORNAIN,  SHFT,  SHFTN,  LGRP, 

INJ2,  INJ1); 

X2S:  ECELL1  PORT  NAP  (  S04045042,  S04057042,  PH2N,  PHI,  PHiN, 
PH2,  NORNAIN,  SHFT,  SHFTN,  UGRPN, 

INJ2,  INJ1); 

X26:  ECELL1  PORT  NAP  (  S040S7042,  S04007020,  PH2N,  PHI,  PHIN, 
PH2,  NORNAIN,  SHFT,  SHFTN,  GND, 

INJ2,  INJ1); 

X27:  ECELLT  PORT  NAP  (  S04033042,  S0404«042,  PH2N,  PHI,  PHIN, 
PH2,  NORNAIN,  SHFT,  SHFTN,  UGRP, 

INJ2,  INJI); 

X28:  ECELLI  PORT  NAP  (  S04007020,  S04020020,  PH2N,  PHI,  PHIN, 
PH2,  NORBI4,  SHFT,  SHFTN,  LGRPN, 

INJ2,  INJ1); 

X29:  ECELLI  PORT  NAP  (  S04020020,  S04033020,  PH2N,  PHI,  PH1N, 
PH2,  NORBI4,  SHFT,  SHFTN,  LGRP, 

INJ2,  INJI); 

X30:  ECELL1  PORT  NAP  (  S04045020,  S04057020,  PH2N,  PHI,  PHIN, 
PH2,  NORBI4,  SHFT,  SHFTN,  UGRPN, 

INJ2,  INJI); 

X3I:  ECELLI  PORT  NAP  (  S040S7020,  S04070020,  PH2N,  PHI,  PHIN, 
PN2,  NORBI4,  SHFT,  SHFTN,  GND, 

INJ2,  INJI); 

X32:  ECELLI  PORT  NAP  (  S04033020,  S04045020,  PH2N,  PHI,  PHIN, 
PH2,  NORBI4,  SHFT,  SHFTN,  UGRP, 

INJ2,  INJI); 

X33:  INVERTER  PORT  NAP  (  NORNAIN,  S04086060); 

X34:  INVERTER  PORT  NAP  (  S04066060,  S04075060); 

X35:  INVERTER  PORT  NAP  (  S04070020,  S04079020); 

X36:  INVERTER  PORT  NAP  (  S04079020,  S04076022); 
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X37:  ECELL2  PORT  NAP  (  SOIN,  S05020042.  PH2N,  PHI,  PHIN, 

PH2.  NORTP1,  SHFT,  SHFTN,  TDATIM, 

INJ2,  INJ1); 

X38:  ECELL2  PORT  MAP  (  S05020042,  S05033042.  PH2N,  PHI,  PHIN, 
PH2,  NORTP1,  SHFT,  SHFTN,  TOATIN, 

INJ2,  INJ1); 

X39:  ECELL2  PORT  HAP  (  S0504S042,  S0S007020,  PH2N,  PHI,  PHIN, 
PH2,  NORTP1,  SHFT,  SHFTN,  TOATIN, 

INJ2,  INJ1); 

X40:  ECELL2  PORT  NAP  (  S05033042,  S05045042,  PH2N,  PHI,  PHIN, 
PH2,  NORTP1,  SHFT,  SHFTN,  TOATIN, 

INJ2,  INJI); 

X41:  ECELL2  PORT  MAP  (  S0S007020,  S05020020,  PH2N,  PHI,  PHIN, 
PH2,  NORTP2,  SHFT,  SHFTN,  TOATIN, 

INJ2,  INJ1); 

X42:  ECELL2  PORT  NAP  (  S0S020020,  S05033020,  PH2N,  PHI,  PHIN, 
PH2,  NORTP2,  SHFT,  SHFTN,  TOATIN, 

INJ2,  INJI); 

X43:  ECELL2  PORT  MAP  (  S0S045020,  OPEN.  PH2N,  PHI,  PHIN, 

PH2,  NORTP2,  SHFT,  SHFTN.  TOATIN, 

INJ2,  INJ1); 

X44:  ECELL2  PORT  MAP  (  S0S033020,  S0504S020,  PH2H.  PHI,  PHIN, 
PH2,  NORTP2,  SHFT,  SHFTN,  TOATIN, 

INJ2,  INJ1); 

-•  ENO  OF  AUTOMATICALLY  GENERATEO  VHOL  SiRUCTURE 

end  structure  ; 
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Subcell  ECELLl  VHDL  Model 


••  VHDL  GENERATED  BY  AVG  FRON  FILE  ECELLI(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen.  AFIT  ENS.  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  09-19-1991  at  16:46:26 

Library  ZYCAD; 
use  ZYCAD.types.all; 
use  WORK.all; 

entity  ECELLl  is 
port( 

DATA:  in  MVL7; 

DATOUT:  inout  MVL7; 

PH2N:  in  NVL7; 

PHI :  in  MVL7; 

PH1N:  in  MVL7; 

PH2:  in  MVL7; 

NOROUT:  inout  DotX; 

SHIFT:  in  MVL7; 

SHIFTN:  in  MVL7; 

TERMIN:  in  HVL7; 

ERASEV:  in  HVL7; 

PROGV:  in  HVL7  ); 
end  ECELLl; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ECELLl  is 

--  SIGNAL  DECLARATIONS  HERE 
signal  GNO  :  HVL7 
signal  VDO  :  HVL7  ;»'1'; 
signal  S01067021  :  MVL7; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  EDELAY(.NPL) 

--  Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  09-19-1991  at  16:46:25 

component  EDELAY  port( 

DATA:  in  MVL7; 

DOUT:  inout  HVL7; 

CK2M:  in  HVL7; 

CK1:  in  HVL7; 

CKIN:  in  MVL7; 

CK2:  in  MVL7; 

RDBACK:  in  MVL7; 

SHIFT:  in  MVL7; 

SHIFTN:  in  MVL7); 
end  component; 

component  nchan3 
port(Gate:  in  MVL7; 

Drain:  out  DotX; 

Source:  in  MVL7); 
end  component; 
component  EEPPM1 
port(DRAIN  :  inout  DotX; 

GATE  :  in  HVL7; 

INJI  :  in  MVL7; 
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tNJ2  :  in  NVL7); 
end  conponent; 

begin 

XI:  EDELAY  PORT  MAP  (  DATA,  DATOUT,  PH2N,  PH1,  PH1N, 

PH2,  GND.  SHIFT,  SHIFTN); 

X3:  NCHAN3  PORT  HAP  <  TERMIN,  NOROUT,  S01067021); 

X4:  EEPPM1  PORT  MAP  (  S01067021,  DATOUT,  ERASEV,  PROGV); 

--  END  OF  AUTOMATICALLY  GENERATED  VNDL  STRUCTURE 

end  structure  ; 
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Subcell  ECELL2  VHDL  Model 


--  VHOL  GENERATED  BY  AVG  FROM  FILE  ECELL2(.NPL) 

Automatic  VHOL  Generator  (AVG)  V  0.98  (Developmental) 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  09-19-1991  at  16:46:27 

Library  ZYCAO; 
use  ZYCAD. types. all; 
use  WORK.all; 

entity  ECELL2  is 
port( 

DATA:  in  HVL7; 

DATOUT:  inout  MVL7; 

PH2N:  in  MVL7; 

PH1:  in  HVL7; 

PHIN:  in  HVL7; 

PH2:  in  MVL7; 

NOROUT:  inout  DotX; 

SHIFT:  in  MVL7; 

SHIFTN:  in  MVL7; 

TERMIN:  in  MVL7; 

ERASEV:  in  NVL7; 

PROGV:  in  MVL7  ); 
end  ECELL2; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ECELL2  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  MVL7  :»'0'; 
signal  VDD  :  MVL7  :='1'; 
signal  S01037026  :  MVL7; 
signal  S010a4037  :  MVL7; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  EDELAY(.NPL) 

Automatic  VHOL  Generator  (AVG)  V  0.98  (Developmental) 
Generated  on  09-19-1991  at  16:46:25 

component  EDELAY  port( 

DATA:  in  MVL7; 

OOUT:  inout  HVL7; 

CK2N:  in  NVL7; 

CKI:  in  MVL7; 

CKIN:  in  MVL7; 

CK2:  in  MVL7; 

RDBACK:  in  MVL7; 

SHIFT;  in  MVL7; 

SHIFTN:  in  MVL7); 
end  component; 

component  nchan 

port(Gate:  in  HVL7;  Drain:  out  NVL7); 
end  component; 
component  nchan3 
port(Gate:  in  HVL7; 

Drain:  out  DotX; 

Source:  in  MVL7); 
end  component; 
component  EEINV 
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port (GATE  :  in  MVL7; 

0UT1  :  oot  HVL7; 

INJ2  :  in  NVL7; 

INJ1  :  in  MVL7); 
end  component; 

begin 

XI:  EDELAY  PORT  MAP  (  DATA,  OATOUT,  PH2N,  PHI,  PH1N, 
PH2,  S01037026.  SHIFT,  SHIFTN); 

X2:  NCHAN  PORT  MAP  (  S01037026,  S01084037); 

X3:  NCHAN3  PORT  MAP  (  TERMIN,  NOROUT,  S01084037); 

X4:  EEINV  PORT  MAP  (  DATOUT,  S01037026,  PROGV,  ERASEV) 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE 

end  structure  ; 
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Subcell  EDELM  VHDL  Model 


--  VHDL  GENERATED  BY  AVG  FROM  FILE  EDELAY(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental) 
Adapted  ^  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  09-19-1991  at  16:46:25 


Library  ZYCAD; 
use  ZYCAD.types.all; 
use  UORK.all; 


entity  EDELAY  is 
port( 

DATA:  in  MVL7; 

DOUT:  inout  HVL7; 

CK2N:  in  MVL7; 

CK1:  in  MVL7; 

CK1N:  in  MVL7; 

CK2:  in  MVL7; 

RDBACK:  in  MVL7; 

SHIFT:  in  HVL7; 

SHIFTM:  in  MVL7  ); 
end  EDELAY; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 


architecture  structure  of  EDELAY  is 


--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  MVL7  :='0'; 
signal  VDD  :  MVL7  :='1'; 
signal  INSEL  :  OotX; 
signal  CN00E1  :  DotX; 
signal  STORE IN  :  MVL7; 
signal  CN00E2  :  OotX; 

END  SIGNALS 


--  COMPONENT  DECLARATIONS  HERE 


component  tgate 
port(p1  :  in  MVL7; 
p2  :  in  MVL7; 
g  :  in  MVL7; 
d  :  inout  DotX); 
end  component; 
component  inverter 

port (input:  in  MVL7;  output:  out  MVL7); 
end  component; 
component  clkdinv 
port (INPUT  :  in  MVL7; 

OUTPUT  :  inout  OotX; 

PHI  :  in  MVL7; 

PH1N  :  in  MVL7); 
end  component; 

begin 


XI:  TGATE  PORT  MAP  (  CK1,  CK1N,  INSEL,  CN00E1); 
X2:  INVERTER  PORT  MAP  (  CNOOE1,  ST0RE1N); 

X3:  TGATE  PORT  MAP  (  CK2,  CK2N,  ST0RE1N,  CN0DE2) 
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X4:  INVERTER  PORT  MAP  (  CNGOE2,  DOUT); 

X5:  CLKDINV  PORT  NAP  (  STORE1N,  CNODE1,  CK1N,  CK1); 
X6:  CLKDINV  PORT  NAP  (  DOUT,  CNODE2.  CK2N,  CK2); 

X7:  TGATE  PORT  MAP  (  SHIFT,  SHIFTN,  DATA,  INSEL); 
X8:  TGATE  PORT  MAP  (  SHIFTN,  SHIFT,  RDBACK,  INSEL); 
--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE 
end  structure  ; 
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Subcell  EEPPMl  VHDL  Model 


--  Date:  14  Sep  91 
--  Version:  3 

--  Unix  filename:  eeppml.vhd 

--  Function:  This  file  is  a  behavioral  description  of  an 
*■  EEPROM  celt  with  dual  injectors.  For  simplicity,  injector  1 
--  is  assumed  (and  required)  to  be  pulsed  for  prograntning 
--  and  injector  2  is  pulsed  for  erase.  Standard  HVL7  inputs  to 
--  the  injectors  are  used,  rather  than  the  actual  high  voltage 
--  positive  and  negative  pulses.  This  allows  logical  verification. 
--  This  cell  has  an  open  drain  output.  The  drain  output 
--  is  not  a  resolved  wire  since  it  will  feed  only  one  input. 


Library  ZYCAD; 
use  ZYCAD. types. a 1 1, * 
use  WORK. all; 

entity  EEPPHI  is 
port(DRAIN  :  inout  DotX; 

GATE  :  in  MVL7; 

1NJ1  :  in  MVL7; 

INJ2  :  in  MVL7); 
end  EEPPMl; 

architecture  behavioral  of  EEPPMl  is 

Signal  Floating_Gate:  MVL7; 

begin 

process 

variable  te(np_output:  MVL7; 
begin 

--  Program  Cell 

if  MVL7toBlT(Gate)  =  '0'  and  MVL7toBIT(INJ2)  =  '1' 
then  Floating_Gate  <=  '1'; 
end  if; 

--  Erase  Cell 

if  MVL7toBlT(Gate)  =  '1'  and  MVL7toBIT(INJl)  =  '1' 
then  Floating_Gate  <=  'O'; 
end  if; 

--  output  is  zero  if  floating  gate  is  programmed 

if  MVL7toBIT<Floating_Gate)  =  '1'  then  temp_output  :=  'O'; 
else  te(np_output  :=  'Z'; 
end  if; 

Drain  <=  temp_output; 
wait  on  ZNJ1,  tNJ2,  Gate; 
end  process; 
end  behavioral; 
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Stibcell  EEINV  VHDL  Model 


--  Date:  14  Sep  91 
--  Version:  3 

--  Unix  filename:  eeinv.vhd 

--  Function:  This  file  is  a  behavioral  description  of  an 
--  EEPROM  cell  with  dual  injectors.  For  simplicity,  injector  1 
--  is  assumed  (and  required)  to  be  pulsed  for  programming 
--  and  injector  2  is  pulsed  for  erase.  Standard  HVL7  inputs  to 
--  the  injectors  are  used,  rather  than  the  actual  high  voltage 
--  positive  and  negative  pulses.  This  allows  logical  verification. 
--  This  cell  has  an  active  output  (programmed  inverter) 


Library  ZYCAO; 
use  ZYCAO. types. all; 
use  WORK.all; 

entity  EEINV  is 
port (GATE  :  in  HVL7; 
(XJT1  :  out  HVL7; 
INJ2  :  in  HVL7; 
INJ1  :  in  HVL7); 
end  EEINV; 


architecture  behavioral  of  EEINV  is 

Signal  Floating_Gate:  MVL7; 

begin 

process 

variable  temp_output:  MVL7; 
begin 

--  Program  Cell 

if  MVL7to8IT(Gate)  =  '0'  and  MVL7toBIT(INJ1)  =  '1' 
then  Floating_Gate  <=  '1'; 
end  if; 

--  Erase  Cell 

if  HVL7toBIT(Gate)  =  '1'  and  MVL7toBIT(INJ2)  =  '1' 
then  Floating_Gati  <=  'O'; 
end  if; 

*■  output  is  zero  if  floating  gate  is  programmed 

if  MVL7toBIT(Floating_Gate)  =  '1'  then  temp_output  :=  'O'; 
else  teinp_output  :=  '1'; 
end  if; 

0UT1  <=  temp_output; 
wait  on  INJI,  INJ2,  Gate; 
end  process; 
end  behavioral; 
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Subcell  CLKDISV  VHDL  Model 


-•  Date:  14  Sep  91 
--  Version:  3 

--  Unix  filename:  clkdinv.vhd 
--  Function:  Dummy 


Library  ZYCAD; 
use  ZYCAD. types.all; 
use  WORK. all; 

entity  clkdinv  is 
port( INPUT  :  in  MVL7; 

OUTPUT  :  inout  DotX; 

PHI  :  in  MVL7; 

PH1M  :  in  MVL7); 
end  clkdinv; 

architecture  behavioral  of  clkdinv  is 

begin 

process 

begin 

--  dummy 

OUTPUT  <=  'Z'; 

wait  on  input,  phi,  phin; 

end  process; 

end  behavioral; 
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Subcell  INJ  VHDL  Model 


--  Date:  14  Sep  91 
--  Version:  3 

--  Unix  filename:  injctr.vhd 
--  Function:  Dunny  to  allow  analysis. 


Library  ZYCAD; 
use  ZYCAD. types. all; 
use  WORK. all; 

entity  Injctr  is  port( 

PIM1  :  in  MVL7; 

PIN2  :  in  MVL7); 
end  Injctr; 

architecture  behavioral  of  Injctr  is 

begin 

process 

begin 

--dummy 

wait; 

end  process; 
end  behavioral; 
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Subcell  INVESTER  VHDL  Model 


Date:  12  Feb  91 
Version:  5 

Unix  filename:  inverter. vhd 

Function:  This  file  is  a  behavioral  description  of  an  inverter. 
Contains  both  the  entity  and  behavioral  architecture  of  the 
inverter.  (HVL7  version). 


Library  ZYCAD; 
use  ZYCAD. types. all; 
use  WORK. all; 

entity  inverter  is 

port (input:  in  MVL7;  output:  out  MVL7); 
end  inverter; 

architecture  behavioral  of  inverter  is 

begin 

process 

variable  temp_output:  BIT; 
begin 

if  MVL7toBIT( input)  =  '1'  then  teflip_output  :=  'O'; 
else  tenip_output  :=  '1'; 
end  if; 

output  <=  BITtoNVL7(teinp_output)  after  1  NS; 
wait  on  input;  ~ 

end  process; 
end  behavioral; 
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Subcell  NCHAN  VHDL  Model 


-•  Date:  12  Feb  91 
--  Version:  1 

■■  Unix  filename:  nchan.vhd 

--  Function:  This  file  is  a  behavioral  description  of  an 
--  N-channel  transistor  connected  as  an  open  drain  inverter. 


Library  ZYCAO; 
use  ZYCAO.types.al 1; 
use  WORK. all; 

entity  nchan  is 

portCGate:  in  MVL7;  Drain:  out  HVL7); 
end  Nchan; 

architecture  behavioral  of  Nchan  is 

begin 

process 

variable  temp_output:  MVL7; 
begin 

if  HVL7toBIT(Gate)  =  'V  then  teflip_output  :=  'O'; 
else  temp_output  :=  'Z'; 
end  if; 

Drain  <=  tefflp_output; 
wait  on  Gate;' 
end  process; 
end  behavioral; 
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subcell  NCHAN3  VHDL  Model 


--  Date:  14  Sep  91 
--  Version:  1 

--  Unix  filename:  nchanS.vhd 

--  Function:  This  file  is  a  behavioral  description  of  an 
--  N-channel  transistor  which  can  be  connected 
--  in  series  and  used  as  a  switch 


Library  ZYCAD; 
use  ZYCAD. types. all; 
use  WORK. all; 

entity  nchan3  is 
portCGate:  in  MVL7; 

Drain:  out  DotX; 

Source:  in  MVL7); 
end  nchan3; 

architecture  behavioral  of  Nchan3  is 

begin 

process 

variable  tefflp_output :  HVL7; 
begin 

if  MVL7toBIT(Gate}  =  'O'  then  te)np_output  :=  'Z'; 
elsif  Source  =  '0'  then  teinp_output  :=  'O'; 
else  teinp_output  :=  'Z'; 
end  if; 

Drain  <=  temp^output; 
wait  on  Gate,  Source; 
end  process; 
end  behavioral; 
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Subcell  TGATE  VHDL  Model 


--  Date:  24  Feb  91 
--  Version:  6 

--  Unix  filename:  tgate.vhd 

--  Function:  This  file  is  a  behavioral  description  of  a  transmission 
--  gate.  The  input/output  pins  are  1  aixl  2.  The  true  control  input 
--  is  pin3,  and  the  ronplemented  control  input  is  4. 

--  The  file  contains  both  the  entity  and  behavioral  architecture  of  the 
--  transmission  gate. 

NOTE:  The  tgate  is  modeled  as  a  1-way  device 


Library  ZYCAD; 
use  ZYCAO. types. all; 
use  WORK.all; 

entity  tgate  is 
port (pi  :  in  MVL7; 
p2  :  in  MVL7; 
g  :  in  MVL7; 
d  :  inout  DotX); 
end  tgate; 

architecture  behavioral  of  tgate  is 
Signal  nodel  :  MVL7; 

begin 

process 

begin 

if  (  MVL7toBIT(g)  =  '0'  and  MVL7toBIT<p1)  =  '1'  and 
MVL7toBIT(p2)  =  '0')  then  d  <=  'O'; 
elsif  (MVL7tQBlT<g)='1'  and  HVL7toBlT(plT  =  'V  and 
HVL7toBIT<p2)  =  '0')  then  d  <=  '1'; 
end  if; 

if  (d  =  '1')  then  Nodel  «  'H'; 
end  if; 

if  (d  =  '0')  then  Nodel  <=  'L'; 
end  if; 

if  ((d  =  'X')  or  (d  =  'W')  or  (d  =  'Z'))  then  Nodel  <=  'Z'; 
end  if; 

if  (  MVL7toBIT<p1)  =  '0'  or 

MVL7toBIT(p2)  =  '1')  then  d  <=  Nodel; 
end  if; 

wait  on  g  ,  pi,  p2,  d; 
end  process; 
end  behavioral; 
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Subcell  PCHPO  VHDL  Model 


--  Date:  H  Sep  91 
--  Version:  3 

--  Unix  filename:  pchpu.vhd 

-■  Function:  This  file  is  a  behavioral  description  of  a 
--  P-channel  transistor  connected  as  a  pull-up  resistor. 


Library  ZYCAO; 
use  ZYCAO. types. all; 
use  UORK.all; 

entity  pchpu  is 
portC  PULLUP  :  inout  DotX); 
end  pchpu; 

architecture  behavioral  of  pchpu  is 

begin 

process 

variable  tefflp_output:  MVL7; 
begin 

tefflp_output  :=  'H'; 

PULLUP  <=  tenp_output; 
wait  on  PULLUP; 
end  process; 
end  behavioral; 
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Subcell  TP  AD  VHDL  Model 


--  Date:  14  Sep  91 
--  Version:  2 

--  Unix  filename:  tpad.vhd 

-■  Function:  Dunmy  of  a  test  pad. 


Library  ZYCAD; 
use  ZYCAD. types.all; 
use  WORK. all; 

entity  TPAD  is 

portfPINI  :  in  MVL7); 
end  TPAD; 

architecture  behavioral  of  TPAD  is 

begin 

process 

begin 

--dumry 

wait; 

end  process; 
end  behavioral; 
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Appendix  C:  SCHEMA  Pinlist  to  VHDL 
Structural  Model  Conversion  Program 
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'  SCHEMA  Pin  to  vhdl  net  pin  list  conversion  program 
VERNOS  ::  "V  0.98  (Developmental)  -  8/11/91» 

'  Uses  the  pin  list  as  input  and  creates  a  vhdl 
'  compatible  definition  as  output. 

'  These  routines  use  the  fact 
'  that  the  pins  are  sorted  in  the  .NPL  file. 

PRINT  "VHDL  Generator  VERNOS 
ON  ERROR  GOTO  BATERROR 
OPEN  "VNOBAT"  FOR  INPUT  AS  NS 
ON  ERROR  GOTO  0 
WHILE  NOT  EOF(S) 

INPUT  «5,  FILES 
GOSUB  HAKEVHOL 
WEND 
CLOSE  #4 
SYSTEM 

'  exceptions 
BATERROR: 

IF  ERR  <>  53  THEN  GOTO  FATLERR  'if  file  not  found,  ask  for  input 
RESUME  NOBATCH 
FATLERR: 

ON  ERROR  GOTO  0  'fatal  error 

SYSTEM  'should  never  execute 

NOBATCH: 

ON  ERROR  GOTO  0 

INPUT  "Name  of  file  to  convert  to  VHDL  :  (no  extension)  FILES 
GOSUB  MAKEVHDL 
ANOTHER: 

INPUT  "Process  another  .NPL  file  (y/n)";  ANSS 
IF  LEFTS(ANSS,  1)  »  "Y"  THEN  GOTO  NOBATCH 

IF  LEFTS(ANSS,  1)  =  "y"  THEN  GOTO  NOBATCH 

IF  LEFTS(ANSS,  1)  s  "N"  THEN  SYSTEM 

IF  LEFTS(ANSS,  1)  =  "n"  THEN  SYSTEM 

PRINT  "Improper  input.  Enter  Y  or  y  to  process  another  file  or" 

PRINT  “  N  or  n  to  exit  program." 

GOTO  ANOTHER 

'  end  of  top  level  (main)  program 

'begin  procedure 
MAKEVHDL: 

PRINT  "PROCESSING  FILE  ";  FILES;  ".NPL" 

OPEN  FILES  +  ".npl"  FOR  INPUT  AS  #1 
FERR  =  0 

DIN  PINS(60),  SIGS(60),  ATTRS(60) 

DIM  CMPSSOO),  NSIGS(200),  OSIGS(IOO) 

'  CMPSO  IS  COMPONENT  NAMES,  SIGSO  IS  NEW  SIGNALS 


OX  =  1 
NX  =  1 


CX  =  1 

OPEN  FILES  > 
OPEN  FILES  « 
PRINT  #2, 
PRINT  #2, 
PRINT  #2, 
PRINT  #2, 
PRINT  #2, 
PRINT  #2, 


".VHO"  FOR  OUTPUT  AS  #2 
".CMP"  FOR  OUTPUT  AS  #3 

VHDL  GENERATED  BY  AVG  FROM  FILE  ";  FILES;  "(.NPL)" 
Automatic  VHDL  Generator  (AVG)  ";  VERNOS 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from" 
the  Oration  SCHEMA  SPICE  netlist  generator." 


PRINT  «2, 
PRINT  #2, 
PRINT  #2, 
PRINT  ill2, 
PRINT  02, 
PRINT  #2, 


Generated  on  "; 

11.  .11 

"Library  ZYCAD;" 

"use  ZYCAD.types.all;" 
"use  WORK.all;" 

nil 

"entity  ";  FILES;  "  is" 


OATES;  "  at  ";  TIMES 
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PRINT  #3,  COMPONENT  GENERATED  BY  AVG  FROM  FILE  FILES;  »(.NPL}'' 
PRINT  #3,  Automatic  VHDL  Generator  (AVG)  VERNOS 

PRINT  #3.  Generated  on  DATES;  “  at  “;  TIMES 

PRINT  #3, 

PRINT  <0,  "component  ";  FILES; 

INPUT  #1,  BRACKETS 

»  ****************  PROCESS  SYMBOLS  DESCRIPTIONS  ************** 

WHILE  BRACKETS  <>  "(" 

INPUT  #1,  NNAMES,  RNUMS,  REFDS,  PAGENS 

LINE  INPUT  #1,  0ESC1S 

LINE  INPUT  #1,  DESC2S 

LINE  INPUT  «1,  0ESC3S 

LINE  INPUT  #1,  0ESC4S 

INPUT  #1,  PIS,  P2S,  P3S,  P4S 

INPUT  #1,  PINSd) 

'  ***********  place  the  pins  into  an  array  ********** 


FOR  I  =  1  TO  1000 

INPUT  #1,  ATTRS(I),  SIGSd),  SIGNUMS 
IF  SIGSd)  =  "+5"  THEN  SIGSd)  =  "VDD" 

IF  LEFTS(SIGSd),  1)  <>  "S"  GOTO  520 
SIGSd)  =  MIDS(STRS(1000  *  VAL(SIGNUNS)).  2) 

520  INPUT  #1,  PINSd  *  1) 

IF  PINSd  ♦  1)  =  "1"  GOTO  550 
NEXT  I 

550  INPUT  #1.  BRACKETS 

I  ********  process  COMPONENT  TYPE  BY  REFD  FIRST  LETTER  ******* 

TYPES  =  LEFTSCREFDS,  1) 

IF  TYPES  <>  "Z"  GOTO  960 
PRINT  #2,  "  portC 
PRINT  #3,  "  portC 

FOR  L  =  1  TO  d  -  1) 

OSIGS(L)  =  MIDS(SIGS(L),  2) 

IF  LEFTS<OSIGS(L),  5)  <>  "OOTX  "  THEN  GOTO  710 
PRTYPES  =  "inout  DotX" 

OSIGS(L)  =  MIDS(OSIGS(L),  6) 

GOTO  760 

710  IF  LEFTS(ATTRS<L),  1)  =  "I"  THEM  PRTYPES  =  "in  MVL7" 

IF  LEFTS<ATTRS<L),  1)  =  "B"  THEM  PRTYPES  =  "inout  HVL7" 

IF  LEFTS<ATTRS(L),  1)  =  "T"  THEN  PRTYPES  =  "inout  MVL7" 

IF  LEFTS(ATTRS<L),  1)  =  "X"  THEN  PRTYPES  =  "inout  MVL7" 

IF  LEFTS{ATTRS(L),  1)  =  "0"  THEN  PRTYPES  =  "out  MVL7" 

760  PRINT  #2,  OSIGS(L);  ":  ";  PRTYPES;  ";" 

PRINT  «,  OSIGS(L);  ";  PRTYPES;  ";" 

NEXT  L 


840 


890 


OSIGS(L)  =  MIDS(SIGS(L),  2) 

IF  LEFTS(OSIGS(L),  5)  <>  "DOTXJ' 


PRTYPES  =  "inout  DotX" 

OSIGS(L)  *  MIDS(OSIGS(L),  6) 

GOTO  890 

IF  LEFTS<ATTRS(L),  1)  =  "I"  THEN 
IF  LEFTS<ATTRS(L),  1)  =  "B"  THEN 
IF  LEFTS(ATTRS(L),  1)  =  "T"  THEN 
IF  LEFTS(ATTRS(L),  1)  =  "X"  THEN 
IF  LEFTS<ATTRS(L),  1)  =  "0"  THEN 


THEN  GOTO  840 


PRTYPES  =  "in  MVL7" 
PRTYPES  =  "inout  MVL7" 
PRTYPES  *  "inout  MVL7" 
PRTYPES  =  "inout  MVL7" 
PRTYPES  =  "out  MVL7" 


OX  =  L 

PRINT  #2,  OSIGS{L);  " 


II 


:  ";  PRTYPES;  "  ); 
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PRINT  «.  OSIG$(L);  »;  PRTYPEt; 

GOTO  980 

960  GOSUB  1830 
GOSUB  2120 
980  WEND 

'  --END  THE  UHILE  LOOP.  READ  UNTIL  OPEN  PAREN 

PRINT  #2,  "end  FILES; 

PRINT  #3,  "end  comxsnent;" 

PRINT  #2,  "--  END  OF  AUTONATICALLY  GENERATED  VNOL  entity" 
PRINT  #2,  "" 

PRINT  #3,  "" 

CLOSE  #3 

PRINT  #2,  "architecture  structure  of  ";  FILES;  "  is" 

CLOSE  #1 
PRINT  #2,  "" 

PRINT  #2,  "--  SIGNAL  DECLARATIONS  HERE" 

GOSUB  1910 

PRINT  #2,  "--  COMPONENT  DECLARATIONS  HERE" 

PRINT  #2,  "" 

GOSUB  2240 
PRINT  #2,  “" 

PRINT  #2,  "begin" 

PRINT  #2.  "" 


'  Second  pass  through  input  file  to  generate  structure. 

OPEN  FILES  ".npl"  FOR  INPUT  AS  #1 
PRINT  #2.  "" 

INPUT  #1,  BRACKETS 

/  ****************  process  symbols  DESCRIPTIONS  ************** 

WHILE  BRACKETS  <>  "(" 

INPUT  «1,  NNAMES,  RNUMS,  REFDS,  PAGENS 

LINE  INPUT  #1,  0ESC1S 

LINE  INPUT  #1,  DESC2S 

LINE  INPUT  #1,  DESC3S 

LINE  INPUT  #1,  DESC4S 

INPUT  #1,  PIS,  P2S,  P3S,  P4S 

INPUT  #1,  PINS(I) 

IF  PINS(I)  =  "*5"  THEN  PINS(I)  =  "VDD" 

'  ***********  place  the  pins  into  an  ARRAY  ********** 

FOR  I  *  1  TO  1000 

INPUT  #1,  ATTRS,  SIGS(I),  SIGNUMS 
IF  SIGS(I)  =  "♦5"  THEN  SIGS(I)  =  "VOO" 

IF  LEFTS(SIGS(I},  5)  =  "OOTX  "  THEN  SIGS(I)  =  HIDS(SIGS(I),  6) 

IF  LEFTS<SIGS(I),  1)  <>  "S"  GOTO  1400 
SIGS(I)  *  MIDS(STRS(1000  *  VAL(SIGNUMS)),  2) 

1400  INPUT  #1,  PINSd  *  1) 

IF  PINSd  +  1)  =  "]"  GOTO  1430 
NEXT  I 

1430  INPUT  #1,  BRACKETS 

'  ********  PROCESS  COMPONENT  TYPE  BY  REFO  FIRST  LETTER  ******* 

TYPES  =  LEFTSLREFDS,  1) 

IF  TYPES  *  "Z"  GOTO  1680 

PRINT  #2,  REFDS;  . .  NNAMES;  "  PORT  MAP  (  "; 

FOR  L  =  1  TO  (I  -  1) 

SS  *  SIGS(L) 

IF  SS  *  ""  THEN  SS  *  "OPEN" 

IF  (LEFTSfSS,  1)  >*  "0"  AMD  LEFTS(SS,  1)  <=  "9")  THEN  SS  =  "S"  ♦  SS 
IF  ((L  MOD  5)  *  0)  GOTO  1580  ELSE  GOTO  1560 
1560  PRINT  #2,  SS;  ",  "; 

GOTO  1600 
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1580 


PRINT  #2,  S$; 

PRINT  #2,  “ 

1600  NEXT  L 

S$  =  SIG$(L} 

IF  S$  s  ■■■•  THEN  S$  =  "OPEN" 

IF  (LEFT$(S$,  1)  >=  "0"  AND  LEFT*(S$.  1)  <=  "9")  THEN 
S$  =  "S"  ♦  S$ 

END  IF 

1650  PRINT  #2,  S$;  ");" 

PRINT  #2,  "" 

SOTO  1690 

1680  '  SKIP  Z  HERE  (SYMBOL  DEF) 

1690  WEND 

'  --  END  THE  WHILE  LOOP.  READ  UNTIL  OPEN  PAREN 

PRINT  #2,  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE" 

PRINT  #2,  "" 

PRINT  #2,  "end  structure 
CLOSE  #1,  #2,  #3,  #4 
ERASE  PINS,  SIGS,  ATTRS 
ERASE  CMPSS,  NSIGS,  OSIGS 

IF  FERR  -  1  THEN  PRINT  "(Xjtput  file  has  error(s).  Wilt  not  analyze  properly." 
RETURN 

'  END  PROCEDURE 


'  begin  procedure 
1830  FOR  L  =  1  TO  I 

FOR  W  »  1  TO  NX 

IF  NSIGS(W}  =  SIG$(L)  THEN  GOTO  LBLTST 
NEXT  W 

NSIGS(NX)  3  SIG$(L) 

NX  =  NX  ♦  1 

LBLTST: 

NEXT  L 
RETURN 

'end  procedure 
'begin  procedure 

1910 

'  WRITE  SIGNAL  DECLARATIONS  TO  VHDL  FILE 
PRINT  #2,  "  signal  GND  :  MVL7  :='0';" 

PRINT  #2,  "  signal  VDD  :  MVL7  :='1';" 

FOR  L  =  1  TO  NX  •  1 
SS  3  NSIGS(L) 

IF  SS  3  «V00"  THEN  GOTO  2070 
IF  SS  3  mgnD"  then  GOTO  2070 
IF  SS  3  ""  then  goto  2070 
DXFLAG  3  0 

IF  LEFTS(SS,  5)  <>  "DOTX  "  THEN  GOTO  2000 

DXFLAG  3  1 

SS  3  m1DS(SS,  6) 

2000  FOR  W  3  1  TO  OX 

IF  OSIGSCW)  3  SS  THEN  GOTO  2070 
NEXT  W 

IF  LEFTSfSS,  1)  >  "9"  THEN  GOTO  2060 
IF  LEFTS(SS,  1)  <  "0"  THEN  GOTO  2060 
SS  3  MS"  ♦  SS 

2060  IF  DXFLAG  =  0  THEN  PRINT  #2,  "  signal  ";  SS;  "  :  HVL7;" 

IF  DXFLAG  3  1  THEN  PRINT  #2,  "  signal  ";  SS;  "  :  DotX;" 
2070  NEXT  L 

PRINT  #2,  "" 

PRINT  #2,  END  SIGNALS  " 

PRINT  #2,  "" 

RETURN 

'end  procedure 
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'begin  procedure 

2120 

'  SAVE  COMPONENTS  IN  CMPS  ARRAY 

IF  CX  >  1  THEN  GOTO  2170 

CMP$(CX)  =  NNAMES 

CX  =  CX  +  1 

GOTO  2230 

2170  FOR  U  »  1  TO  CX  -  1 

IF  CMP$(U)  =  NNAMES  THEN  GOTO  2220 
NEXT  U 

CMPS(CX)  -  NNAMES 
CX  =  CX  ♦  1 
2220  '  ALREADY  STORED 
2230  RETURN 

'end  procedure 


2240 

'  READ  IN  COMPONENT  DECLARATIONS  FROM  EXTERNAL  FILES 
FOR  R  »  1  TO  CX  -  1 
ON  ERROR  GOTO  2360 

OPEN  CMPS(R)  +  ».CMP»  FOR  INPUT  AS  #4 
WHILE  NOT  EOF(4) 

LINE  INPUT  #4,  LXS 
PRINT  #2,  LXS 

WEND 

CLOSE  #4 

2330  ON  ERROR  GOTO  0 
NEXT  R 
RETURN 

'  except i ons 

2360 

IF  ERR  <>  53  THEN  GOTO  2410 

PRINT  #2,  FILE  CMPS<R)  +  «.CMP";  "  NOT  AVAILABLE.  ■■ 

PRINT  #2,  PUT  COMPONENT  DEFINITION  FOR  CMPS{R);  "  HERE." 

PRINT  #2,  "" 

PRINT  “  ERROR  -  COMPONENT  DESCRIPTION  CMPS(R)  ♦  ".CMP";  "  NOT  FOUND" 
PRINT  "  Output  File  is  not  useable  without  this  description.  " 

PRINT  «" 

FERR  =  1 
RESUME  2330 
2410  ON  ERROR  GOTO  0 
'end  procedure 
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Appendix  D:  Microcircuit  1  Test 
Fixture  Schematic  Diagram, 
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TEST  FIXTURE  -  CHIP 


(STANOAflO  PARALLEL 
PAtNTER  CONNECTOR) 


Figure  20.  Microcircuit  1  Test  Fixture  Schematic  Diagram. 

Sheet  2  of  2. 
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TEST  FIXTURE  -  CHIP 


Appendix  E:  Microcircuit  1  Test 
Fixture  Control  Program. 
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program  eproj; 

i  Program  Name:  EPROJ 

Written  By:  Joseph  V.  Breen 

Date  Last  Modified:  September  25,  1991 

Purpose:  Provides  a  menu  driven  interface  which 

controls  the  test  fixture  for  the  N15S  MC-1 

programnable  logic  prototype  microcircuit. 

Functions  to  load  the  shift  register,  assist  in  erasing, 
and  allow  programmable  logic  function  verification  are  provided. 

> 

const 

<  Masks  For  Data  Bits  Of  Printer  Port  Byte  > 
shift:  byte  =  1; 
ph2:  byte  =  2; 
phi:  byte  =  4; 
sdat:  byte  =  8; 
logicO:  byte  =  16; 
logici:  byte  =  32; 
logic2:byte  =  64; 
addrs:  integer  =  $378; 
stadr:  integer  =  $379; 

VAR 

itemp:  integer; 
i  :  integer; 

tlogO,  tlogl,  tlog2  :  integer; 
temp:  BYTE; 
tem^  :  byte; 
ch:  char; 

istrg:  string[20]; 
pw2,pw1,pw0  :  BYTE; 

procedure  putdat(databyte  :  byte); 
begin 

portCaddrs]  :=  databyte; 
end; 

procedure  ordatCodata  :  byte); 

VAR 

obyte  :  byte; 
begin 

obyte  :=  portCaddrs); 
obyte  :=  obyte  or  odata; 
portCaddrs]  :=  obyte; 
end; 

procedure  anddatCodata  :  byte); 

VAR 

obyte  :  byte; 
begin 

obyte  :=  portCaddrs); 
obyte  obyte  and  not  odata; 
portCaddrs]  :=  obyte; 
end; 

Procedure  togglCodata  :  byte); 
begin 

ordatCodata); 

anddatCodata); 

end; 

FUNCTION  HCHARCinchr: INTEGER)  :  CHAR; 
begin 

CASE  INCHR  OF 
0  :  "CHAR  :=  '0'; 

1  :  HCHAR  :a  '1'; 

2  :  HCHAR  :=  '2'; 

3  :  HCHAR  :=  '3'; 
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4  : 

HCHAR 

•S 

'4' 

5  : 

HCHAR 

2s 

'5' 

6  : 

HCHAR 

;s 

'6' 

7  : 

HCHAR 

:- 

'7' 

8  : 

HCHAR 

:s 

'8' 

9  ; 

HCHAR 

•  s 

'9' 

10  ; 

HCHAR 

:= 

'A' 

11  : 

HCHAR 

'B' 

12  ; 

HCHAR 

'C' 

13  : 

HCHAR 

:s 

'0' 

14: 

HCHAR  : 

S 

E'; 

15  : 

HCHAR 

:» 

'F' 

ELSE  WRITELN('HCHAR  ERROR  MM'.INCHR); 
end; 

end; 

procedure  uritehex(hexchars  :  byte); 
var 

tcharh  :  char; 
begin 

tcharh  :=HChAR(hexchars  div  16); 
uriteC tcharh); 

tcharh  :sHChAR(hexchars  mod  16); 
urite(tcharh); 

end; 

Procedure  get_integer(var  inumb:  integer); 
var 

icode  :  integer  ; 
instg  :  string[20]; 
tempint  :  integer; 
begin 

icode  :=  1; 

writelnC"); 

repeat 

write<'enter  number  ;'); 
readln( instg); 
va I ( i nstg , tempi nt , i code) ; 
if (icode  <>  0)  then 
begin 

Mriteln('bad  integer.  Try  again.'); 
end; 

until  icode  =  0; 

write(' integer  '.tempint,'  entered'); 
inumb  :=  tempint; 
end; 

Procedure  get_byte(var  ibyte:  byte); 
var 

icode  :  integer  ; 
instg  :  string(20]; 
tempint  :  integer; 
begin 

icode  ;=  1; 

writeln("); 

repeat 

write(' enter  byte  :'); 
readln( instg); 
val ( instg, tempi nt. icode); 
if (icode  <>  0)  then 
begin 

writeln('bad  nunber.  Try  again.'); 
end; 

if  (tempint  >  255)  then 
begin 

uriteln( 'Maximum  exceeded.  Maximum  is  255  for  a  Byte  value.  Try  again.'); 
icode  :s1; 
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end; 

until  icode  =  0; 

1byte:>teMpint; 

write('Byte  :  ',ibyte, '  entered'); 
end; 

Procedure  clok; 
begin 

toggKphl); 

toggUph2); 

end; 

Procedure  ptable; 
begin 

temp  :=  portladdrs); 
tenp  tenp  div  2; 

temp  temp  div  2; 

tenp  :■  temp  div  2; 

temp  temp  div  2; 

TlogO  temp  mod  2; 

temp  :x  temp  div  2; 

Tlog1  :>  temp  mod  2; 
temp  temp  div  2; 

Tlog2  temp  mod  2; 

temp  portlstadr]; 
temp  :>  temp  div  128; 
itemp  :>  temp; 

writelnl'  ',tlog2,'  '.tlogl,'  '.tlogO,'  itemp); 


Procedure  qtable; 
begin 

temp  :>  portladdrs); 
temp  :■  temp  div  2; 

temp  :■  temp  div  2; 

temp  :>  temp  div  2; 

temp  temp  div  2; 

TlogO  temp  mod  2; 

temp  :■  temp  div  2; 

Tlogl  :■  temp  mod  2; 
temp  :«  temp  div  2; 

Tlog2  :■  temp  mod  2; 
temp  portlstadr]; 
temp  :>  temp  div  32; 

temp  :«  temp  and  1; 

itemp  temp; 

uritelnl'  ',tlog2,'  tlogl,'  ', tlogO,'  ', itemp); 

end; 


Procedure  pmenu; 
begin; 
uritelnl' 
uritelnl"); 
uritelnl'  A 

uritelnl'  B 

uritelnl'  C 

uritelnl'  0 

uritelnl'  E 

uritelnl'  f 

uritelnl'  L 

uritelnl'  N 

uritelnl'  P 

uritelnl'  0 

uritelnl'  R 

uritelnl'  S 

uritelnl'  T 

uritelnl'  U 


Action  Menu  For  MISS  MC-1  Test  Program.'); 

Set  Shift  True'); 

Set  Shift  False'); 

Clock  Multiple  Times  IPrompt  For  Number)'); 

Default  Signals  ISet  Shift  True,  others  False)'); 

Examine.  Build  Truth  Table  for  Logic  0-2  to  OutO.'); 

Int.  Examine.  Build  Truth  Table  for  Logic  0-2  to  Wired-Or  137)  '); 

Load  Byte  18  bits)  into  Serial  Register  IPrompt  For  Byte)'); 

Load  Lower  n  bits  of  Byte  into  Serial  Register  IPrompt  for  Byte  &  #)  ') 
Print  Current  States  of  Each  Sijrtal'); 

Quit  Program'); 

Reset  Input  Data  to  O'); 

Set  Input  Data  to  1'); 

Single  Tick  of  Phase  1  Then  Phase  2  Clocks'); 

Prepare  for  ERASE  IPHI  t  2  true.  Input  »  1)'); 
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writeln(' 
writeln('  U 
writeln('  Y 
uriteln('  0 
uriteln('  1 
writeln('  2 
end; 


V  Prepare  for  read  (PH1  &  2 
Write  Program  Word  X 

Set  Ph1  &  Ph2  Fatse(Dflt)  Z 

Set  Logic  0  Input  True  3 
Set  Logic  1  Input  True  4 

Set  Logic  2  Input  True  5 


True,  Input  =  0)'); 

Get  and  Store  Prog.  Word'); 
Set  Phi  &  Ph2  True'); 

Set  Logic  0  Input  False'}; 
Set  Logic  1  Input  False'}; 
Set  Logic  2  Input  False'}; 


begin 

putdatCO}; 

URITELN; 

URITELM('  TEST  PROGRAM  FOR  N15S  MC-1  '}; 

WRITELNf'  SPECIAL  EEPROM  TEST  MICROCIRCUIT  '}; 

WRITELM('  September  18.  1991  VI. S  '}; 

WRITELNf'  Written  By:  Joe  Breen,  AFIT  EN  '}; 

WRITELN; 


begin 

(Make  Shift  true,  both  clocks  and  data  false} 
putdat(0}; 
ordat(shift}; 
pmenu; 


repeat 

read(kbd,ch}; 
ch  :=  upcase(ch}; 
writefch}; 

case  ch  of  (main  action  loop} 

'A'  :  begin 

ordatfshift}; 

end; 

'B'  :  begin 

anddatfshift}; 

end; 

'C'  :  begin 

get_integer(itemp}; 

writelnf'  Clocking  '.itemp,  '  times.'}; 
for  I  :=  1  to  itemp  do  clok; 
writelnf'Done.'}; 
end; 

'D'  :  begin 

putdatf shift};  (  only  shift  is  true  } 
end; 

'E'  :  begin 

Writelnf'  Truth  Table'}; 

Writeln('  Logic2  Logic!  LogicO  :::  OutO'}; 

anddatdogicO}; 

anddatC logic!}; 

anddat(logic2}, 

ptdble; 

ordatdogicO}; 

ptable; 

anddatdogicO}; 
ordatdogicl }; 
ptable; 

ordatdogicO}; 

ptable; 

anddatc logicO}; 
anddatdogici}; 
ordat( logic2}; 
ptable; 

ordat( logicO}; 
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ptable; 

anddatOogicO); 

ordat(logicl); 

ptable; 

ordat(logicO); 

ptable; 

writelnl"); 

end; 

'F'  :  begin 

Uriteln('  Wired  OR  (Pin  37)  Truth  Table'); 

Uriteln('  Logic2  Logici  LogicO  :::  WiredOr  Out') 

anddat(logicO); 

anddatdogid); 

anddat(logic2); 

qtable; 

ordat(logicO); 

qtable; 

anddat(logicO); 
ordat( logic) ); 
qtable; 

ordat(logicO); 

qtable; 

anddat(logicO); 

anddatdogid); 

ordatdogic2); 

qtable; 

ordat(logicO); 

qtable; 

anddatdogicO); 

ordatdogid); 

qtable; 

ordatClogicO); 

qtable; 

writelnd'); 

end; 

'L'  ;  begin 

get.byteCtemp); 

writelni'  Byte  Value  '.temp,  '  accepted.'); 

for  I  1  to  8  do 

begin 

if  ((tenp  mod  2)  1)  then  anddat(sdat) 

else  ordat(sdat); 
cl  ok; 

uritelnCtemp  mod  2); 
temp  :=  temp  div  2; 
end; 

uriteln('Oone.'); 

end; 

'H'  ;  begin 

writelnc"); 

uriteln('Hou  many  bits  of  data  do  you  want  to  load  (0  -  8)?'); 

get_byte(temp); 

writelnf"); 

if  temp  <>  0  then 

begin 

teap  temp  -  1; 
temp  :=  temp  mod  8; 
temp2  temp; 

Hriteln('Uhat  is  the  data  byte  to  be  used?'); 
get_byte(temp); 

writeln('  Byte  Value  ',temp,  '  accepted.'); 

for  I  0  to  temp2  do 

begin 

if  ((temp  mod  2)  >  1)  then  snddat(sdat) 
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else  ordat(sdat); 
clok; 

uritelnltemp  mod  2); 
temp  :=  temp  div  2; 
end; 
end; 

uriteln('Done.'); 

end; 

'P'  ;  begin 

temp  porttaddrs]; 
uritelnC'  Shift  =  ' ,  temp  mod  2); 

temp  temp  div  2; 
writelnC  Phase  2  =  temp  mod  2); 
temp  temp  div  2; 
writeInC'  Phase  1  -  temp  mod  2); 
temp  :=  temp  div  2; 

writelnC  SOAT  (Serial  Data  Input)  »  \  temp  mod  2); 
temp  :=  temp  div  2; 

MritelnC  LogicO  =  ' ,  temp  mod  2); 
temp  :=  temp  div  2; 
writeln('  Logici  =  • ,  temp  mod  2); 
temp  :=  temp  div  2; 
writeln('  Logic2  =  ' ,  temp  mod  2); 
temp  :=  temp  div  2; 
end; 

'Q'  :;  (do  nothing  *  going  to  quit) 

'R'  :  begin 

anddat(sdat); 

end; 

'S'  :  begin 

ordat(sdat); 

end; 

'T'  :  begin 
clok; 
end; 

'U'  :  begin 

ordat(phl); 

ordat(ph2); 

ordat(sdat); 

end; 

'V'  :  begin 

ordat(phl); 

ordat(ph2}; 

anddat(sdat); 

end; 

'W'  ;  begin 
clok; 

temp  :=  pwO; 

for  I  1  to  8  do 

begin 

if  ((temp  mod  2)  =  1)  then  anddat(sdat) 

else  ordat(sdat); 

clok; 

temp  :«  temp  div  2; 
end; 

temp  :=  pw1; 

for  I  :s  1  to  8  do 

begin 

if  ((temp  mod  2)  =  1)  then  anddat(sdat} 
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else  ordat(sdat); 
clok; 

temp  :s  temp  div  2; 
end; 

temp  :=  pw2; 

for  I  :=  1  to  6  do 

begin 

if  ((temp  mod  2)  s  D  then  anddat(sdat) 

else  ordat(sdat); 

clok; 

temp  :=  temp  div  2; 
end; 

uritelnl"); 

unite  ('Program  Word  '); 

Hritehex(pw2}; 

uritehex(pwl); 

uritehex(pwO); 

writeln('  (hex)  is  written'); 


'X'  :  begin 

writeln('  Use  $  for  Hexadecimal  entry  '); 
writeln('  Enter  Host  Sig.  Byte  of  Program  Word.'); 
get_byte(pw2); 

Hriteln('  Enter  Middle  Byte  of  Program  Word.'); 
get_byte(pw1); 

writeln('  Enter  Least  Sig.  Byte  of  Program  Word.') 
get_byte(pwO); 

Hriteln("); 

write  ('Program  Word  '); 
writehex(pw2); 
writehex(pwl); 
writehex(pwO); 

writeln('  (hex)  is  entered'); 
end; 

'Y'  ;  begin 

anddat(phl); 

anddat(ph2); 

end; 

'Z'  :  begin 

ordat(phl); 

ordat(ph2); 

end; 

'0'  :  begin 

ordat(logicO); 

end; 

'3'  :  begin 

anddat(logicO); 

end; 

'1'  :  begin 

ordat( logic) ); 
end; 

'4'  ;  begin 

anddat(logicl); 

end; 

'2'  :  begin 

ordat(logic2); 

end; 

'5'  :  begin 
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anddat(logic2); 

end; 

else  begin 

so<jnd(510); 

delay(300); 

nosound; 

writelni"); 

uritelnC'  Unrecognized  input  ',ch); 
pmenu; 
end; 

end; 

until  ((ch  =  'q')  or  (ch  =  'Q')); 
end; 
end. 
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Appendix  F:  Microcircuit  2 
Schematic  Diagrams. 
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Figure  21.  Microcircuit  2  Top  Level  Schematic  Diagram. 

Sheet  1  of  2. 
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ELPROJ 


Figur*  22.  Microcircuit  2  Top  Level  Schematic  Diagram. 

Sheet  2  of  2. 
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Figure  23.  Microcircuit  2  Subcell  ELPR07  Schematic 
Diagram.  Sheet  1  of  2. 
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Figure  24.  Microcircuit  2  Subcell  ELPR07  Schematic 
Diagram.  Sheet  2  of  2. 


118 


ELPR07 


Diagram 
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Figure  26.  Microcircuit  2  Subcell  ELSHFT14  Schematic 
Diagram. 
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ELSHI FT14 


Figur*  27.  Microcircuit  2  Subcell  ELOUT7  Schematic  Dia¬ 
gram.  Sheet  1  of  2. 
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EL0UT7 


Figure  28.  Microcircuit  2  Subcell  ELOUf?  Schematic 
Diagram.  Sheet  2  of  2. 
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EL0UT7 


Figure  29.  Microcircuit  2  Subcell  ELIN2  Schematic  Diagram 
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Figure  30.  Microcircuit  2  Subcell  ELFIX7  Schematic  Diagram 
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Figure  31.  Microcircuit  2  Subcell  ELSHIFT8  Schematic 
Diagram 
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Figure  32.  Microcircuit  2  Subcell  ELSHIFT7  Schematic 
Diagram 
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ELSHIFT7 


I  NVeRTCft 


Figure  33.  Microcircuit  2  Subcell  EL0G8  Schematic  Diagram 
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Figure  34.  Microcircuit  2  Subcell  ELPIN  Schematic  Diagram 
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ELP  I  N 


Figure  35.  Microcircuit  2  Subcell  ELFIXl  Schematic  Diagram 
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Figure  37.  Microcircuit  2  Subcell  ELDELAY  Schematic 
Diagram 


131 


ELDELAY 


Appendix  G:  VHDL  Models  for 
Microcircuit  2 
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Test  Bench  CH2BNCH  VHDL  Model 


Date:  10  Nov  91 
Version:  8 

Unix  filename:  ch2bnch.vhd 


This  is  a  test  bench  for  module  ELPROJ 

The  framework  was  generated  by  AVG,  then  customized 

by  adding  the  process  and  configuration  sections 


Library  ZYCAO; 
use  ZYCAO. types. all; 
use  WORK. all; 


entity  CH2BNCH  is 
end  CH2BNCH; 


architecture  A  of  CH2BNCH  is 


--  SIGNAL  DECLARATIONS  HERE 

signal  GNO  :  MVL7  :s'0'; 
signal  VDO  :  HVL7  :s'1'; 


signal 

LEFTA 

DotX; 

signal 

LEFTB 

OotX; 

signal 

LEFTC 

DotX; 

signal 

LEFTD 

DotX; 

signal 

LEFTE 

OotX; 

signal 

LEFTF 

OotX; 

signal 

LEFTG 

DotX; 

signal 

RIGHTG 

:  DotX; 

signal 

RIGHTF 

:  DotX; 

signal 

RIGHTE 

:  DotX; 

signal 

RIGHTO 

:  DotX; 

signal 

RIGHTC 

:  OotX; 

signal 

RIGHTB 

:  OotX; 

signal 

RIGHTA 

:  DotX; 

signal 

OPERATE 

:  MVL7 

signal 

SOOUT  : 

MVL7; 

signal 

INJ1  : 

MVL7; 

signal 

INJ2  : 

HVL7; 

signal  TAGO  :  bit; 
signal  TAG1  :  bit; 
signal  TAG2  :  bit; 

END  SIGNALS 


-  COMPONENT  DECLARATIONS  HERE 


--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELPROJ(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  10-07-1991  at  17:27:22 


component  ELPROJ  port( 
PINAL:  inout  OotX; 

PINBL:  inout  OotX; 

PINCL:  inout  OotX; 

PINOL:  inout  OotX; 

PINEL:  inout  DotX; 

PINFL:  inout  DotX; 

PINGL:  inout  DotX; 

PINGR:  inout  DotX; 

PINFR:  inout  DotX; 

PINER:  inout  DotX; 

PINDR:  inout  OotX; 

PINCR:  inout  DotX; 
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PINBR:  inout  OotX; 
PINAR:  inout  OotX; 
OPERATE:  in  NVL7; 
SOOUTN:  ogt  MVL7; 
1NJ1:  in  MVL7; 
INJ2:  in  MVL7); 
end  conponent; 


begin 


X1:  ELPROJ  PORT  MAP  <  LEFTA,  LEFTS,  LEFTC,  LEFTD,  LEFTE, 

LEFTF,  LEFTG,  RIGHTO,  RIGHTF,  RIGHTE, 

RIGHTO,  RIGHTC,  RIGHTS,  RIGHTA,  OPERATE, 

SOOUT,  INJ1,  INJ2); 

ORIVE:  Process 
procedure  tick  is 
begin 

RIGHTC  <=  'V; 
wait  for  20  ns; 

RIGHTC  <=  'O'; 

RIGHTA  <*  '1'; 
wait  for  20  NS; 

RIGHTA  <»  'O'; 
wait  for  20  NS; 
end  tick; 

procedure  ERASE  is 
begin 

--  ERASE  CYCLE 

OPERATE  <*  'O';  --  Go  to  Program  mode 

RIGHTS  <»  '1';  --  Internal  signals  are  inverted. 

RIGHTC  <=  '1';  --  Phase  1  clock  true 

RIGHTA  <»  '1';  --  Phase  2  clock  true 

--  Both  clocks  true.  All  floating  gate  transistor  control  gates  are  high, 
wait  for  250  NS; 

INJ1  <*  '1'; 
wait  for  SO  NS; 

INJ1  <=  'O'; 

RIGHTC  «  'O'; 

RIGHTA  <»  'O'; 

wait  for  50  NS; 

*■  Erase  Operation  Complete 

end  ERASE;  ■-  Left  in  Program  mode  (Operate  is  false). 

procedure  PROGRAM  is 
begin 

WAIT  FOR  100  ns; 

INJ2  <*  '1'; 

WAIT  FOR  100  ns; 

INJ2  <=  'O'; 

WAIT  FOR  100  ns; 

END  program; 

procedure  SWRITE  (  slct  :  in  integer;  gdat  ;  in  integer)  is 
variable  temvar,  temdat,  indx  :  integer; 
variable  temvas:  MVL7; 

--  Will  load  36  bit  shift  register  with  a  1  in  the  bit  position  of  slct, 

-■  and  the  last  8  bits  will  be  the  GOAT  data  pattern. 

begin 

temdat  gdat; 
indx  ;»  0; 

Loopi: 

--  This  loop  takes  the  input  data  and  shifts  1's  into  the  S-R  except 
--  for  the  bit  corresponding  to  bit  position  SLCT  which  will  be  zero. 
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loop 

if  slot  s  indx  then  temvas  'O'; 

else  temvas  :3  M'; 
end  if; 

RIGHTS  <3  temvas; 
tick; 

indx  :3  indx  1; 
exit  loop1  when  indx  >  27; 
end  loop  loopl; 

Loop2: 

--  This  loop  takes  the  GOAT  input  data  and  shifts  the 
--  complement  into  the  register 
for  indx  in  0  to  7  loop 
tefflvar:«  temdat  rem  2; 
temdat  :=  temdat  /  2; 
if  tesivar  >  1  then  temvas  :3  'O'; 

else  temvas  '1'; 
end  if; 

RIGHTS  <3  temvas; 
tick; 

end  loop  loop2; 
end  SWRITE; 
procedure  DISCNCT  is 

--  Remove  all  logic  emulation  pin  drive  signals, 
begin 

RIGHTA  <3  '2'; 

RIGHTS  <3  'Z'; 

RIGHTC  <3  'Z'; 

RIGHTO  <3  'Z'; 

RIGHTE  <3  'Z'; 

RIGHTF  <3  'Z'; 

RIGHTG  <3  'Z'; 

LEFTA  <3  'Z'; 

LEFTS  <3  'Z'; 

LEFTC  <3  *Z'; 

LEFTD  <3  »Z'; 

LEFTE  <3  'Z'; 

LEFTF  <3  'Z'; 

LEFTG  <3  »Z'; 
end  OISCNCT; 


--  Main  Test 
begin 

--  Initialize 
INJ1  <3  'O'; 

INJ2  <3  'O'; 

OPERATE  <3  »0'; 

RIGHTC  <3  'O';  --  Phase  1  clock  false 
RIGHTA  <3  'O';  -■  Phase  2  clock  false 
RIGHTS  <3  'V;  --  Serial  Oata  Ir^t 

wait  for  100  NS; 
tick; 

ERASE; 

TAGO  <3  'O'; 

TAG1  <3  'O'; 

TAG2  <3  'O'; 


--  Program  for  7400  emulation 

SWRITE(2,2); 

Program; 

SURITE(4,16); 

Program; 

SURITE(8.8); 

Program; 

SURITE(13,64); 

Program; 
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SURITE(15,18); 

Progran; 

SWRITE(18,80>; 

PrograM; 

SUR1TE(20,80); 

Program; 

SURITE(22,18); 

Program; 

SURITE(25,80); 

Program; 

SWRITE(27,80); 

Program; 

DISCNCT; 

Operate  <=  M'; 

-*  Finished  progranming  for  7400 
wait  for  100  NS; 

TAGO  «  '1'; 

LEFTA  <»  'O'; 

LEFTS  <»  'O'; 

LEFTD  <»  'O'; 

LEFTE  «  'O'; 

RIGHTA  <»  'O'; 

RIGHTS  <=  'O'; 

RIGHTO  <=  'O'; 

RIGHTS  <»  'O'; 
wait  for  100  NS; 

LEFTA  <=  '1'; 

LEFTD  <=  '1'; 

RIGHTA  <=  '1'; 

RIGHTO  <»  '1'; 
wait  for  100  NS; 

LEFTA  <»  'O'; 

LEFTD  <=  'O'; 

RIGHTA  <»  'O'; 

RIGHTO  <«  'O'; 

LEFTS  '1'; 

LEFTE  <«  '1'; 

RIGHTS  <*  '1'; 

RIGHTS  <*  '1'; 
wait  for  100  NS; 

LEFTA  <»  '1'; 

LEFTD  <=  '1'; 

RIGHTA  <=  '1'; 

RIGHTO  <»  '1'; 
wait  for  100  NS; 

DISCNCT; 


erase; 


--  Program  for  7403  emulation 

SURITE(2.2}; 

Program; 

SURITE(4,16); 

Program; 

SURITE(8,8}; 

Program; 

SURITE(13,64); 

Program; 

SWRITE(14,18); 

Program; 

SURITE(15.18}; 

Program; 

SWRITE(18,80); 

Program; 

SURITE(20,80); 

Program; 

SWRITE(21,18); 
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Progran; 

SWRITE(22,18); 

Program; 

SWRITE(2S,80); 

Program; 

SWRITE(27,80); 

Program; 

OISCNCT; 

Operate  <*  '1'; 

■■  Finished  programming 
wait  for  100  NS; 

TACO  <»  'O'; 

TAG1  <*  '1'; 

LEFTA  <=  'O'; 

LEFTS  <=  'O'; 

LEFTD  <*  'O'; 

LEFTE  «  'O'; 

RIGHTA  <»  'O'; 

RIGHTS  <>  'O'; 

RIGHTO  <»  'O'; 

RIGHTE  <«  'O'; 
wait  for  100  NS; 

LEFTA  <=  '1'; 

LEFTD  <=  '1'; 

RIGHTA  <=  '1'; 

RIGHTO  <=  '1'; 
wait  for  100  NS; 

LEFTA  <=  'O'; 

LEFTD  <=  'O'; 

RIGHTA  <»  'O'; 

RIGHTO  <*  'O'; 

LEFTS  <=  '1'; 

LEFTE  <*  '1'; 

RIGHTS  <*  '1'; 

RIGHTE  <»  '1'; 
wait  for  100  NS; 

LEFTA  <«  '1'; 

LEFTD  «  '1'; 

RIGHTA  <•  '1'; 

RIGHTO  <«  '1'; 
wait  for  100  NS; 
OISCNCT; 


erase; 


-•  Program  for  7404  emulation 

SURITE(0,8); 

Program; 

SWRITE(1,4); 

Program; 

SURITE(2,2); 

Program; 

SURITE(13,64); 

Program; 

SURITE(12,32}; 

Program; 

SWRITE(11,16); 

Program; 

SWRITE(15,42); 

Program; 

SURITE(16,42>; 

Program; 

SWRITE(18,32); 

Program; 

SWRITE(19,8); 

Program; 

SWRITE(20,128); 
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Progran; 

SWRITE(22,42); 

Program; 

SURITE(23,42); 

Program; 

SWitITE(25,32); 

Program; 

SURITE(26,8); 

Program; 

SWRITE(27,128}; 

Program; 

DISCNCT; 

Operate  <=  '1'; 

*■  Finished  progranning 
wait  for  100  NS; 

TAGO  <»  'V; 

TAG1  <=  'V; 

TAG2  <=  'O'; 

LEFTA  <=  'O'; 

LEFTC  <=  'O'; 

LEFTE  <=  'O'; 

RIGHTA  <=  'O'; 

RIGHTC  <=  'O'; 

RIGHTE  <=  'O'; 
wait  for  100  NS; 

LEFTA  <=  '1'; 
wait  for  100  NS; 

LEFTC  <=  '1'; 
wait  for  100  NS; 

LEFTE  <=  '1'; 
wait  for  100  NS; 

RIGHTA  <=  '1'; 
wait  for  100  NS; 

RIGHTC  «  '1'; 
wait  for  100  NS; 

RIGHTE  «  '1'; 
wait  for  100  NS; 
OISCNCT; 


erase; 


--  Program  for  7408  emulation 

SWRITE(2,2); 

Program; 

SWRITE(4,16); 

Program; 

SURITE(8,8}; 

Program; 

SWRITE(13,64); 

Program; 

SURITE(15,18); 

Program; 

SURITE(16,18); 

Program; 

SURITE(18,80}; 

Program; 

SWRITE(20.80); 

Program; 

SURITE(22,18); 

Program; 

SURITE(23,18); 

Program; 

SURITE(25,80); 

Program; 

SURITE(27,80); 

Program; 


138 


DISCNCT; 

Operate  <»  M'; 

--  Finished  progranming 
wait  for  100  NS; 

TAGO  <*  'O'; 

TAG1  <a  'O'; 

TAG2  <=  '1'; 

LEFTA  «  'O'; 

LEFTS  <=  'O'; 

LEFTS  <=  'O'; 

LEFTE  <«  'O'; 

RIGHTA  <»  'O'; 

RIGHTS  <=  'O'; 

RIGHTO  <=  'O'; 

RIGHTE  <»  'O'; 
wait  for  100  NS; 

LEFTA  <=  '1'; 

LEFTD  <=  '1'; 

RIGHTA  <*  '1'; 

RIGHTO  «  '1'; 
wait  for  100  NS; 

LEFTA  <»  'O'; 

LEFTS  <=  'O'; 

RIGHTA  <=  'O'; 

RIGHTO  <=  'O'; 

LEFTS  <=  '1'; 

LEFTE  <=  '1'; 

RIGHTS  <=  '1'; 

RIGHTE  <=  '1'; 
wait  for  100  NS; 

LEFTA  <=  '1'; 

LEFTO  <=  '1'; 

RIGHTA  <=  '1'; 

RIGHTO  <a  '1'; 
wait  for  100  NS; 
OISCNCT; 


erase; 


--  Program  for  7420  emulation 

SURITE(2.10); 

Program; 

SWRITE(13,80); 

Program; 

SURITE(15.2); 

Program; 

SWRITE(18,80); 

Program; 

SWRITE(20,80); 

Program; 

SURITE(22,2); 

Program; 

SWRITE(25,80); 

Program; 

SWRITE(27,80); 

Program; 

OISCNCT; 

Operate  <»  '1'; 

--  Finished  programming 
wait  for  100  NS; 

TAGO  <*  '1'; 

TAG1  «  'O'; 

TAG2  <«  '1'; 

LEFTA  <«  'O'; 

LEFTS  <*  'O'; 

LEFTO  <=  'O'; 

LEFTE  «  'O'; 
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RIGHTA  <«  'O'; 
RIGHTS  <>  'O'; 
RIGHTO  <=  'O'; 
RIGHTS  <=  'O'; 
wait  for  100  NS; 
LEFTA  <»  '1'; 
RIGHTA  <=  '1'; 
wait  for  100  NS; 
LEFTA  <«  'O'; 
RIGHTA  <=  'O'; 
LEFTS  <=  '1'; 
RIGHTS  <=  '1'; 
wait  for  100  NS; 
LEFTA  <*  '1'; 
RIGHTA  <=  '1'; 
wait  for  100  NS; 
LEFTD  «  '1'; 
RIGHTO  <=  '1'; 
LEFTA  <=  'O'; 
LEFTS  <=  'O'; 
RIGHTA  <=  'O'; 
RIGHTS  <=  '0'; 
wait  for  100  NS; 
LEFTA  <=  '1'; 
RIGHTA  <=  '1'; 
wait  for  100  NS; 
LEFTA  <=  'O'; 
RIGHTA  <=  'O'; 
LEFTS  <=  '1'; 
RIGHTS  <=  '1'; 
wait  for  100  NS; 
LEFTA  <=  '1'; 
RIGHTA  <=  '1'; 
wait  for  100  NS; 
LEFTO  <*  'O'; 
RIGHTO  <«  'O'; 
LEFTA  «  'O'; 
LEFTO  <«  'O'; 
RIGHTA  <«  'O'; 
RIGHTS  <>>  'O'; 
LEFTS  <=  '1'; 
RIGHTS  <=  '1'; 
wait  for  100  NS; 
LEFTA  <»  '1'; 
RIGHTA  «  '1'; 
wait  for  100  NS; 
LEFTA  <»  'O'; 
RIGHTA  <=  'O'; 
LEFTS  <=  '1'; 
RIGHTS  <=  '1'; 
wait  for  100  NS; 
LEFTA  <«  '1'; 
RIGHTA  <»  '1'; 
wait  for  100  NS, 
LEFTO  <=  '1'; 
RIGHTO  <»  '1'; 
LEFTA  «  'O'; 
LEFTO  <»  'O'; 
RIGHTA  <»  'O'; 
RIGHTS  <>  'O'; 
wait  for  100  NS, 
LEFTA  '1'; 
RIGHTA  «  '1'; 
wait  for  100  NS 
LEFTA  <»  'O'; 
RIGHTA  <*  'O'; 
LEFTO  <«  '1'; 


--  E  0  S  A  >  0000 

--  0001 

--  0010 

--  0011 

-  0100 

--  0101 

--  0110 

••  0111 

--  1000 

--  1001 

--1010 

--  1011 

--  1100 

--  1101 
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--  1110 


RIGHTB  <»  M'; 
wait  for  100  NS; 

LEFTA  <»  '1'; 

RIGHTA  <»  '1'; 
wait  for  100  MS;  --  1111 
DISCNCT; 


erase; 


--  Prograai  for  7427  emulation 

SURITE(2,6); 

Program; 

SWRITE(13,96); 

Program; 

SWRITE(11,24>; 

Program; 

SURITE(15,2); 

Program; 

SURITE(16,2); 

Program; 

SURITE(18,32); 

Program; 

SURITE(19,10}; 

Program; 

SURITE(20,160); 

Program; 

SURITE(22,34}; 

Program; 

SURITE(23,34); 

Program; 

SURITE(2S,32); 

Program; 

SURITE(26,10); 

Program; 

SURITE(27,128); 

Program; 

DISCNCT; 

Operate  <«  '1'; 

**  Finished  progranning 
wait  for  100  NS; 

TAGO  <=  'O'; 

TAGI  <*  '1'; 

TAG2  <«  '1'; 

LEFTA  <»  'O'; 

LEFTC  <»  'O'; 

RIGHTC  <=  'O'; 

LEFTB  <»  'O'; 

LEFTD  <*  'O'; 

RIGHTO  <a  'O'; 

RIGHTA  <=>  'O'; 

LEFTE  <»  'O'; 

RIGHTE  <»  'O'; 
wait  for  100  NS; 

LEFTA  <»  '1'; 

LEFTC  <»  '1'; 

RIGHTC  <«  '1'; 
wait  for  100  NS; 

LEFTA  <=  'O'; 

LEFTC  <»  'O'; 

RIGHTC  <»  'O'; 

LEFTB  <»  '1'; 

LEFTD  «  '1'; 
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RIGHTO  <■  '1'; 
wait  for  100  NS; 
LEFTA  <«  M'; 
LEFTC  <«  'V; 
RIGHTC  <»  'V; 
wait  for  100  NS; 
LEFTA  <»  'O'; 
LEFTC  <=  'O'; 
RIGHTC  <=  'O'; 

LEFTS  <»  'O'; 
LEFTD  <=  'O'; 
RIGHTO  <=  'O'; 

RIGHTA  <»  '1'; 
LEFTE  <»  '1'; 
RIGHTE  '1'; 
wait  for  100  NS; 
LEFTA  <=  '1'; 
LEFTC  <»  '1'; 
RIGHTC  <=  '1'; 
wait  for  100  NS; 
LEFTA  <=  'O'; 
LEFTC  <»  'O'; 
RIGHTC  <>  'O'; 

LEFTS  <=  '1'; 
LEFTO  <=  '1'; 
RIGHTO  <=  '1'; 
wait  for  100  NS; 
LEFTA  «  '1'; 
LEFTC  <=  '1'; 
RIGHTC  '1'; 
wait  for  100  NS; 
OISCNCT; 


erase; 


••  Program  for  74S133  emulation 

SWRITE(6.90); 

Program; 

SWRITE(18,85); 

Program; 

SURITE(20,85}; 

Program; 

SURITE(22.1); 

Program; 

SURITE(25,84}; 

Program; 

SURITE(27.85}; 

Program; 

OISCNCT; 

Operate  <=  '1'; 

--  Finished  programming 
wait  for  100  NS; 

TAGO  <«  '1'; 

TAG1  <»  '1'; 

TAG2  «  '1'; 

LEFTA  «  'O'; 

LEFTS  <=  'O'; 

LEFTC  <»  'O'; 

LEFTO  <»  'O'; 

LEFTE  <«  'O'; 

LEFTF  <»  'O'; 

LEFTG  <=  'O'; 

RIGHTA  <»  'O'; 

RIGHTO  <»  'O'; 
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RIGHTC  <»  'O'; 
RICHTD  <»  'O'; 
RIGHTE  <>  'O'; 
RIGHTF  <=  'O'; 
wait  for  100  NS 
LEFTA  <«  '1'; 
wait  for  100  NS 
LEFTS  <»  '1'; 
wait  for  100  NS 
LEFTC  <»  '1'; 
wait  for  100  NS 
LEFTD  <=  '1'; 
wait  for  100  NS 
LEFTE  «  '1'; 
wait  for  100  NS 
LEFTF  <»  '1'; 
wait  for  100  NS 
LEFTG  <»  '1'; 
wait  for  100  NS 
RIGHTA  <=  '1'; 
wait  for  100  NS 
RIGHTS  <«  '1'; 
wait  for  100  NS 
RIGHTC  <=  '1'; 
wait  for  100  NS 
RIGHTO  <=  '1'; 
wait  for  100  NS 
RIGHTE  «  '1'; 
wait  for  100  NS 
RIGHTF  <=  '1'; 
wait  for  100  NS 
DISCNCT; 


wait; 

end  process; 
end  A; 

configuration  CTEST  of  CH2SNCH  is 
for  A 

for  all  :  ELPROJ 

use  entity  WORK.ELPROJ(structure); 

end  for; 
end  for; 
end  CTEST; 
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Top  Level  ELPROJ  VEDL  Model 


-■  VHOL  GENERATED  BY  AVG  FROM  FILE  ELPROJ(.NPL) 

Automtic  VHOL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen.  AFIT  ENS,  WPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:37:14 

Library  ZYCAO; 
use  ZYCAD. types. all; 
use  UORK.all; 

entity  ELPROJ  is 
port( 

PINAL:  inout  DotX; 

PINBL:  inout  DotX; 

PINCL:  inout  DotX; 

PINDL:  inout  DotX; 

PINEL:  inout  DotX; 

PINFL:  inout  DotX; 

PINGL:  inout  DotX; 

PINGR:  inout  DotX; 

PINFR:  inout  DotX; 

PINER:  inout  DotX; 

PINOR:  inout  DotX; 

PINCR:  inout  DotX; 

PINBR:  inout  DotX; 

PINAR:  inout  DotX; 

OPERATE:  in  MVL7; 

SDOUTN:  out  MVL7; 

1NJ1:  in  MVL7; 

INJ2:  in  MVL7  ); 
end  ELPROJ; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ELPROJ  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GNO  :  MVL7  :>'0'; 
signal  VDD  :  NVL7  :s'1'; 


signal 

S02028035  : 

MVL7; 

signal 

INLB  :  MVL7 

signal 

S01018035  : 

MVL7; 

signal 

PROGEN  :  NVL7; 

signal 

S01017018  : 

MVL7; 

signal 

PHI  :  MVL7; 

signal 

PHIH  :  MVL7 

signal 

S01018023  : 

MVL7; 

signal 

PH2  ;  MVL7; 

signal 

PH2H  ;  MVL7 

signal 

S01027034  : 

MVL7; 

signal 

SDIN  :  MVL7 

signal 

INLA  :  NVL7 

signal 

LTERMO  :  MVL7; 

signal 

LTERM1  :  MVL7; 

signal 

LTERM2  :  MVL7; 

signal 

LTERM3  :  MVL7; 

signal 

S02052024  : 

MVL7; 

signal 

S02020061  : 

MVL7; 

signal 

GPW7  :  MVL7 

signal 

GPW6  :  MVL7 

signal 

GPW5  :  MVL7 

signal 

GPW4  :  MVL7 

signal 

GPW3  :  MVL7 

signal 

GPW2  :  MVL7 

signal 

GPW1  :  MVL7 
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signal  GPUO  :  NVL7; 
signal  LGOUPAL  :  NVL7; 
sivwl  LGOUPBL  :  NVL7; 
signal  LGOUPCL  :  MVL7; 
signal  LGOUPDL  :  NVL7; 
signal  LGOUPEL  :  MVL7; 
signal  LGOUPFL  :  NVL7; 
signal  LGOUPGL  :  NVL7; 
signal  INLC  :  NVL7; 
signal  RTERMO  :  NVL7; 
signal  RTERN1  :  NVL7; 
signal  RTERM2  :  NVL7; 
signal  RTERN3  :  NVL7; 
signal  LGOUPAR  :  NVL7; 
signal  LGOUPBR  :  NVL7; 
signal  LGOUPCR  :  NVL7; 
signal  LGOUPOR  :  NVL7; 
signal  LGOUPER  :  NVL7; 
signal  LGOUPFR  :  HVL7; 
signal  LGOUPGR  :  MVL7; 
signal  S02028036  :  MVL7; 
signal  S02028037  :  NVL7; 
signal  S02028038  :  MVL7; 
signal  S02028039  :  MVL7; 
signal  S02028040  :  NVL7; 
signal  $02028041  :  MVL7; 
signal  $02028042  :  MVL7; 
signal  $02028043  :  MVL7; 
signal  $02028044  :  MVL7; 
signal  $02028045  :  NVL7; 
signal  $02028046  :  MVL7; 
signal  $02028047  :  HVL7; 
signal  $02028048  :  MVL7; 

END  $IGNAL$ 

••  COMPONENT  DECLARATI0N$  HERE 

component  inverter 

port (input:  in  NVL7;  output:  out  MVL7); 

end  component; 

component  nan^ 

port<N02IN1:  in  MVL7;  N02IN2  :  in  MVL7;  M020UT:  out  MVL7); 

end  component; 

••  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELPR07(.NPL) 

Automatic  VHOL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:37:04 

component  ELPP07  port( 

PPINA:  inout  DotX; 

PPINB:  inout  OotX; 

PPINC:  inout  DotX; 

PPIND:  inout  OotX; 

PPINE:  inout  DotX; 

PPINF:  inout  DotX; 

PPING:  inout  DotX; 

LOGO:  out  MVL7; 

LOG1:  out  MVL7; 

LOG2:  out  MVL7; 

L0G3:  out  MVL7; 

$0IN:  in  MVL7; 

C$EL0:  inout  MVL7; 

PHI:  in  MVL7; 

PHIN:  in  MVL7; 

PH2:  in  MVL7; 

PH2N:  in  NVL7; 

PROGEN:  in  MVL7; 
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INJ1:  in  NVL7; 

IMJ2:  in  NVL7; 

GDATO:  in  NVL7; 

GOAT1:  in  NVt7; 

GDAT2:  in  NVL7; 

GDAT3:  in  MVL7; 

G0AT4:  in  MVL7; 

GOATS:  in  NVL7; 

G0AT6:  in  MVL7; 

GDAT7:  in  NVL7; 

OUTPA:  in  MVL7; 

OUTPB:  in  NVL7; 

OUTPC:  in  MVL7; 

OUTPO:  in  HVL7; 

OUTPE:  in  NVL7; 

OUTPF:  in  MVL7; 

OUTPG:  in  NVL7; 

INPINA:  inout  NVL7; 

IMPING:  inout  NVL7; 

IMPING:  inout  NVL7; 

INPIND:  inout  MVL7; 

INPINE:  inout  NVL7; 

INPINF:  inout  HVL7; 

IMPING:  inout  NVL7); 
end  component; 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  EL0UT14(.NPL) 

Automatic  VHOL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:37:01 

component  EL0UT14  port( 

LINO:  in  MVL7; 

LIN1:  in  MVL7; 

LIN2:  in  MVL7; 

LIN3:  in  HVL7; 

LIN4:  in  MVL7; 

LINS:  in  MVL7; 

LIN6:  in  MVL7; 

LIM7:  in  MVL7; 

POATO:  in  MVL7; 

POAT1;  in  MVL7; 

POAT2;  in  MVL7; 

POAT3:  in  MVL7; 

POAT4:  in  MVL7; 

POATS:  in  MVL7; 

P0AT6:  in  MVL7; 

P0AT7;  in  MVL7; 

DOUTO:  out  MVL7; 

DOUT1:  out  HVL7; 

DOUT2:  out  MVL7; 

DOUT3:  out  NVL7; 

D0UT4:  out  NVL7; 

DOUTS:  out  NVL7; 

D0UT6:  out  NVL7; 

OOUT7:  out  MVL7; 

D0UT8:  out  MVL7; 

DOUT9:  out  NVL7; 

DOUT10:  out  MVL7; 

DOUT11:  out  NVL7; 

DOUT12:  out  MVL7; 

DOUT13:  out  MVL7; 

EBLOCKO:  in  NVL7; 

EBLOCK1:  in  NVL7; 

EBLOCK2:  in  MVL7; 

EBLOCK3:  in  MVL7; 

E8LOCK4:  in  MVL7; 

EBLOCK5:  in  MVL7; 
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EBL0CK6:  in  NVL7; 

EBL0CK7:  in  NVL7; 

EBL0CK8:  in  NVL7; 

EBL0CK9:  in  NVL7; 

EBLOCK10:  in  HVL7; 

EBL0CK11:  in  MVL7; 

EBL0CK12:  in  NVL7; 

EBL0CK13:  in  HVL7; 

INJ2:  in  NVL7; 

INJ1:  in  HVL7); 
end  component; 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELSHIFT8(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:52 

component  ELSHIFT8  port( 

SDATIN:  in  HVL7; 

SRO:  inout  MVL7; 

SR1:  inout  HVL7; 

SR2:  inout  HVL7; 

SR3:  inout  HVL7; 

SR4:  inout  NVL7; 

SR5:  inout  NVL7; 

SR6:  inout  MVL7; 

SR7:  inout  MVL7; 

PHI:  in  MVL7; 

PH1N:  in  MVL7; 

PH2:  in  NVL7; 

PH2N;  in  MVL7); 
end  component; 

-•  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELSHFTU( .NPL) 

--  Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:37:00 

component  ELSHFTH  port( 

SDATIN:  in  MVL7; 

SRO:  inout  MVL7; 

SRI:  inout  MVL7; 

SR2:  inout  MVL7; 

SR3:  inout  MVL7; 

SR4:  inout  MVL7; 

SR5;  inout  MVL7; 

SR6:  inout  NVL7; 

SR7;  inout  HVL7; 

SR8:  inout  NVL7; 

SR9;  inout  MVL7; 

SR10:  inout  MVL7; 

SR11:  inout  MVL7; 

SR12:  inout  MVL7; 

SR13:  inout  MVL7; 

PHI:  in  MVL7; 

PH1N:  in  MVL7; 

PH2:  in  MVL7; 

PH2H;  in  MVL7); 
end  component; 


begin 


P1INVXX:  INVERTER  PORT  MAP  (  S02028035.  SOOUTN); 
XI:  INVERTER  PORT  NAP  (  INLB,  S0101803S); 

XIO:  NAND2  PORT  NAP  (  PROGEN,  S01017018,  PHI); 
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XII:  INVERTER  PORT  NAP  (  PHI,  PH1N); 

X12:  NAND2  PORT  MAP  (  S01018023,  PROGEN,  PH2); 

XU:  INVERTER  PORT  NAP  (  PH2,  PH2N); 

X15:  NAN02  PORT  NAP  (  PROGEN,  S01018035,  S01027034): 

X16:  INVERTER  PORT  NAP  (  S01027034,  SDIN); 

X2:  INVERTER  PORT  NAP  (  INLA,  S01018023); 

X3:  ELPR07  PORT  MAP  (  PINAL,  PIN8L,  PINCL,  PINOL,  PINEL, 

PINFL,  PINGL,  LTERMO,  LTERM1,  LTERN2, 

LTERN3,  S02052024,  S02020061,  PHI,  PHiN, 

PH2,  PH2N,  PROGEN,  INJ1,  IHJ2, 

GPW7,  GPU6,  GPUS,  GPU4,  GPU3, 

GPU2,  GPU1,  GPUO,  LGOUPAL,  LGOUPBL, 

LGOUPCL,  LGOUPOL,  LGOUPEL,  LGOUPFL,  LGOUPGL, 

OPEN,  OPEN,  OPEN,  OPEN,  OPEN, 

OPEN,  OPEN); 

X4:  INVERTER  PORT  MAP  (  INLC,  S01017018); 

X5:  ELPR07  PORT  NAP  (  PINAR,  PINBR,  PINCR,  PIHOR,  PINER, 

PINFR,  PINGR,  RTERMO,  RTERM1,  RTERM2, 

RTERH3,  GPUO,  S02052024,  PHI,  PHIN, 

PH2,  PH2N,  PROGEN,  INJ1,  INJ2, 

GPU7,  GPU6,  GPUS,  GPU4,  GPU3, 

GPU2,  GPU1,  GPUO,  LGOUPAR,  LGOUPBR, 

LGOUPCR,  LGOUPOR,  LGOUPER,  LGOUPFR,  LGOUPGR, 

INLA,  INLB,  INLC,  OPEN,  OPEN, 

OPEN,  OPEN); 

X6:  INVERTER  PORT  HAP  (  OPERATE,  PROGEN); 

X7:  ELOUT14  PORT  NAP  <  RTERN3,  RTERM2,  RTERN1,  RTERMO,  LTERMO, 

LTERM1,  LTERM2,  LTERM3,  GPU7,  GPU6, 

GPUS,  GPU4,  GPU3,  GPU2,  GPU1, 

GPUO,  LGOUPBL,  LGOUPOL,  LGOUPFL,  LGOUPAR, 

LGOUPCR,  LGOUPER,  LGOUPGR,  LGOUPAL,  LGOUPCL, 

LGOUPEL,  LGOUPGL,  LGOUPBR,  LGOUPOR,  LGOUPFR, 

S0202803S.  S02028036,  S02028037,  S02028038,  S02028039, 

S02028040,  S02028041,  S02028042,  S02028043,  S02028044, 

S0202804S,  S02028046,  S02028047,  S02028048,  INJ2, 

INJ1); 

X8:  ELSHIFT8  PORT  NAP  (  SOIN,  GPUO,  GPU1,  GPU2,  GPU3, 

GPU4,  GPUS,  GPU6,  GPU7,  PHI, 

PHIN,  PH2,  PH2N); 

X9:  ELSHFT14  PORT  MAP  (  S02020061,  S0202803S,  S02028036,  S02028037,  S02028038, 
S02028039,  S02028040,  S02028041,  S02028042,  S02028043, 

S02028044,  S0202804S,  S02028046,  S02028047,  S02028048, 

PHI,  PHIN,  PH2,  PH2N); 

--  ENO  OF  AUTOMATICALLY  GENERATEO  VHOL  STRUCTURE 


end  structure  ; 
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Subcell  ELPB07  VHDL  Model 


-  VHDL  GENERATED  BT  AV6  FROM  FILE  ELPR07(.NPL) 

Automatic  VWL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  ON.  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:37:04 

Library  ZYCAD; 
use  ZYCAD. types. all; 
use  UORK.all; 

entity  ELPR07  is 
port( 

PPINA:  inout  DotX; 

PPINB:  inout  DotX; 

PPINC:  inout  DotX; 

PPIND:  inout  DotX; 

PPINE:  inout  DotX; 

PPINF:  inout  DotX; 

PPING:  inout  DotX; 

LOGO:  out  NVL7; 

LOG1:  out  NVL7; 

LOG2:  out  NVL7; 

LOG3:  out  NVL7; 

SOIN:  in  MVL7; 

CSELO:  inout  MVL7; 

PHI :  in  MVL7; 

PHIN:  in  MVL7; 

PH2:  in  MVL7; 

PH2M;  in  MVL7; 

PROGEH:  in  MVL7; 

INJ1:  in  MVL7; 

INJ2:  in  MVL7; 

GOATO:  in  HVL7; 

GDATI;  in  MVL7; 

G0AT2:  in  MVL7; 

G0AT3;  in  MVL7; 

GDAT4:  in  MVL7; 

GOATS:  in  MVL7; 

G0AT6:  in  HVL7; 

G0AT7;  in  MVL7; 

OUTPA:  in  MVL7; 

OUTPB;  in  MVL7; 

OUTPC:  in  MVL7; 

OUTPO:  in  MVL7; 

OUTPE:  in  MVL7; 

OUTPF;  in  MVL7; 

OUTPG:  in  MVL7; 

INPINA:  inout  MVL7; 

INPINB:  inout  NVL7; 

INPINC:  inout  NVL7; 

INPIND:  inout  HVL7; 

INPINE:  inout  MVL7; 

INPINF:  inout  MVL7; 

INPING:  inout  NVL7  ); 
end  ELPR07; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ELPR07  is 

--  SIGNAL  DECLARATIONS  HERE 
signal  GND  :  MVL7 
signal  VDO  :  MVL7  :='1'; 
signal  S02050007  :  MVL7; 
signal  OCLA  :  HVL7; 
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signal 

INVA  : 

MVL7, 

signal 

OENA  : 

MVL7, 

signal 

S02050016  : 

MVL7 

signal 

OCLB  : 

MVL7 

signal 

INVB  : 

MVL7 

signal 

OENB  : 

MVL7 

signal 

S02050025  : 

MVL7 

signal 

OCLC  : 

MVL7 

signal 

INVC  : 

MVL7 

signal 

OENC  : 

MVL7 

signal 

S02050034  : 

MVL7 

signal 

OCLD  : 

MVL7 

signal 

INVD  : 

MVL7 

signal 

OENO  : 

MVL7 

signal 

S02050043  : 

MVL7 

signal 

OCLE  : 

MVL7 

signal 

INVE  : 

MVL7 

signal 

OENE  : 

MVL7 

signal 

S02050052  : 

NVL7 

signal 

OCLF  : 

MVL7 

' 

signal 

INVF  : 

MVL7 

' 

signal 

OENF  : 

MVL7 

' 

signal 

S02050061  : 

MVL7 

signal 

OCLG  : 

MVL7 

signal 

INVG  : 

MVL7 

' 

signal 

OENG  : 

NVL7; 

signal 

CSEL1 

MVL7; 

signal 

CSEL2 

MVL7; 

signal 

CSEL3 

HVL7; 

signal 

CSEL4 

MVL7; 

signal 

CSEL5 

MVL7; 

signal 

CSEL6 

NVL7; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELPIN(.NPL) 

■■  Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
-•  Generated  on  11-10-1991  at  16:36:47 

component  ELPIN  port( 

PPIN:  inout  OotX; 

INOAT:  out  MVL7; 

INOATN:  inout  MVL7; 

DPINOUT:  in  MVL7; 

OPNCLCTR:  in  MVL7; 

INVOUT:  in  NVL7; 

OUTEN:  in  NVL7; 

PROGEN:  in  MVL7); 
end  component; 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELSHIFT7(.HPL) 

Automatic  VKOL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:51 

component  ELSNIFT7  port( 

SOATIN:  in  NVL7; 

SRO:  inout  MVL7; 

SRI:  inout  NVL7; 

SR2:  inout  MVL7; 

SR3:  inout  MVL7; 

SR4:  inout  NVL7; 

SR5:  inout  MVL7; 

SR6:  inout  MVL7; 

PH2N:  in  MVL7; 

PHI:  in  MVL7; 
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PH1N:  in  HVL7; 

PH2:  in  HVL7); 
end  component; 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELF1X7(.NPL) 

Automatic  VHOL  Generator  (AVG)  V  0.98  (Oevelopoiental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:53 

component  ELFIX7  port( 

FXO:  out  MVL7; 

FX1:  out  MVL7; 

FX2;  out  HVL7; 

FX3:  out  MVL7; 

FX4:  out  MVL7; 

FX5:  out  MVL7; 

FX6:  out  MVL7; 

INJ2:  in  NVL7; 

EBLOCK:  in  MVL7; 

POATO:  in  MVL7; 

POAT1:  in  MVL7; 

POAT2:  in  MVL7; 

POAT3:  in  MVL7; 

POAT4:  in  MVL7; 

POAT5:  in  MVL7; 

P0AT6:  in  MVL7; 

1NJ1:  in  NVL7); 
end  component; 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELIN2(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:54 

component  ELIN2  port( 

LINO:  in  NVL7; 

LIN1:  in  MVL7; 

LIN2:  in  MVL7; 

LIM3:  in  MVL7; 

LIN4:  in  MVL7; 

LIN5;  in  MVL7; 

LIN6:  in  MVL7; 

LIN7;  in  MVL7; 

DOUTO:  out  MVL7; 

POATO:  in  MVL7; 

P0AT1;  in  MVL7; 

POAT2;  in  MVL7; 

POAT3:  in  MVL7; 

POAT4:  in  MVL7; 

POAT5:  in  MVL7; 

P0AT6:  in  MVL7; 

P0AT7:  in  NVL7; 

D0UT1:  out  MVL7; 

EBLOCKO;  in  MVL7; 

EBLOCK1;  in  MVL7; 

INJ2:  in  MVL7; 

INJI:  in  MVL7); 
end  component; 


beflin 


PPAOA:  ELPIN  PORT  MAP  (  PPINA,  INPINA,  S02050007,  OUTPA,  OCLA, 

INVA,  OENA,  PROGEN); 

PPADB:  ELPIN  PORT  MAP  (  PPINB,  INPINB,  S02050016,  OUTPB,  OCLB, 

INVB,  OENB.  PROGEN); 
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PPAOC:  ELPIN  PORT  MAP  (  PPINC,  INPINC,  S02050025,  OUTPC,  OCLC. 

INVC,  OENC,  PROGEN); 

PPAOD:  ELPIN  PORT  MAP  (  PPIND,  INPIND,  S02050034.  OUTPD,  OCLD, 

INVD,  OENO,  PROGEN); 

PPAOE:  ELPIN  PORT  MAP  (  PPINE.  INPINE,  S02050043,  OUTPE,  OGLE, 

INVE,  OENE,  PROGEN); 

PPAOF:  ELPIN  PORT  MAP  (  PPINF,  INPINF,  S02050052,  OUTPF,  OCLF, 

INVF,  OENF,  PROGEN); 

PPAOG:  ELPIN  PORT  MAP  (  PPING,  INPING,  S02050061,  OUTPG,  OCLG, 

INVG,  OENG,  PROGEN); 

XI:  ELSNIFT7  PORT  MAP  (  SOIN,  CSELO,  CSEL1,  CSEL2.  CSEL3, 

CSEL4,  CSEL5,  CSEL6,  PH2N,  PHI, 

PH1N,  PH2); 

X2:  ELFIX7  PORT  MAP  (  INVA,  INV8,  INVC,  INVD,  INVE, 

INVF,  INVG,  INJ2,  CSEL2,  GOAT1, 

GDAT2,  GOAT3,  G0AT4,  GOATS,  G0AT6, 

GDAT7,  INJ1); 

X3:  ELFIX7  PORT  MAP  (  OCLA,  OCLB,  OCLC,  OCLD,  OCLE, 

OCLF,  OCLG,  INJ2,  CSELO,  GDAT1, 

GOAT2,  GOAT3,  GDAT4,  GOATS,  G0AT6, 

GOAT7,  INJI); 

X4:  ELFIX7  PORT  MAP  (  OENA,  OENB,  OENC,  OEND,  OENE, 

OENF,  OENG,  INJ2,  CSELl,  GDAT1, 

GDAT2,  GDAT3,  GOAT4,  GOATS,  GDAT6, 

G0AT7,  INJ1); 

XS:  ELIN2  PORT  MAP  (  INPINA,  S020S0007,  INPINB,  S020S0016,  INPINC, 
S020S002S,  INPIND,  S020S0034,  LOGO,  GDATO, 
GOAT1,  GOAT2,  GOAT3,  GDAT4,  GOATS, 

G0AT6,  G0AT7,  LOGI,  CSEL6,  CSEL5, 

INJ2,  INJ1); 

X6:  ELIN2  PORT  MAP  (  INPIND,  S020S0034,  INPINE,  S020S0043,  INPINF, 
S02050052,  INPING,  S020S0061,  LOG2,  GDATO, 

GO ATI,  GDAT2,  GOAT3,  G0AT4,  GOATS, 

G0AT6,  G0AT7,  LOG3,  CSEL4,  CSEL3, 

INJ2,  INJI); 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE 
end  structure  ; 
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Subcell  ELOOTIA  VHDL  Model 


—  VHDL  GENERATED  BY  AVG  FROH  FILE  EL0UT14( .NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:37:01 

Library  ZYCAD; 
use  ZYCAD.types.all; 
use  WORK. all; 

entity  ELOUTH  is 
port( 

LINO:  in  HVL7; 

LIN1:  in  MVL7; 

LINZ:  in  MVL7; 

LIN3:  in  HVL7; 

LINA:  in  NVL7; 

LINS:  in  NVL7; 

LIN6:  in  NVL7; 

LIN7:  in  NVL7; 

POATO:  in  MVL7; 

POAT1:  in  MVL7; 

POAT2:  in  MVL7; 

POAT3:  in  HVL7; 

P0AT4:  in  HVL7; 

PDAT5:  in  MVL7; 

P0AT6:  in  MVL7; 

P0AT7:  in  MVL7; 

DOUTO:  out  MVL7; 

OOUT1:  out  HVL7; 

DOUTZ:  out  MVL7; 

OOUT3:  out  MVL7; 

DOUT4:  out  MVL7; 

D0UT5:  out  MVL7; 

DOUT6:  out  MVL7; 

00UT7:  out  MVL7; 

D0UT8:  out  MVL7; 

OOUT9:  out  MVL7; 

DOUT10:  out  NVL7; 

00UT11:  out  HVL7; 

D0UT1Z:  out  MVL7; 

D0UT13:  out  MVL7; 

EBLOCKO:  in  NVL7; 

EBLOCKI:  in  MVL7; 

EBLOCKZ:  in  MVL7; 

EBL0CK3:  in  MVL7; 

EBLOCK4:  in  MVL7; 

EBLOCK5:  in  NVL7; 

EBL0CK6:  in  MVL7; 

EBL0CK7:  in  MVL7; 

EBL0CK8:  in  MVL7; 

EBL0CK9:  in  MVL7; 

EBLOCKIO:  in  MVL7; 

EBLOCKI 1;  in  MVL7; 

EBLOCKI Z:  in  MVL7; 

EBLOCK13:  in  NVL7; 

INJZ:  in  HVL7; 

INJ1:  in  MVL7  ); 
end  ELOUTH; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 
architecture  structure  of  ELOUTH  is 
--  SIGNAL  DECLARATIONS  HERE 
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signal  GNO  ;  NVL7 
signal  VDO  :  NVL7 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  EL0UT7(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:56 

component  EL0UT7  port( 

LINO:  in  NVL7; 

LIN1:  in  NVL7; 

LIN2:  in  NVL7; 

LIN3:  in  NVL7; 

LINA:  in  MVL7; 

LINS:  in  MVL7; 

LIN6:  in  MVL7; 

LIN7:  in  MVL7; 

PDATO:  in  MVL7; 

PDAT1:  in  MVL7; 

POAT2:  in  MVL7; 

PDAT3:  in  MVL7; 

PDATA:  in  MVL7; 

POAT5:  in  MVL7; 

P0AT6:  in  MVL7; 

PDAT7:  in  MVL7; 

DOUTO:  out  MVL7; 

00UT1:  out  MVL7; 

00UT2:  out  MVL7; 

00UT3:  out  MVL7; 

DOUTA:  out  MVL7; 

DOUT5:  out  MVL7; 

D0UT6:  out  MVL7; 

EBLOCKO:  in  MVL7; 

EBLOCKI:  in  MVL7; 

EBLOCK2:  in  MVL7; 

EBLOCK3:  in  MVL7; 

EBLOCKA:  in  MVL7; 

EBLOCK5:  in  MVL7; 

EBL0CK6:  in  MVL7; 

INJ2:  in  MVL7; 

INJI:  in  MVL7); 
end  component; 

begin 

XI:  ELOUT7  PORT  MAP  (  LINO,  LIN1,  LIN2,  LIN3,  LINA, 

LINS,  LIM6,  LIN7,  PDATO,  PDAT1, 

PDAT2,  P0AT3,  PDATA,  PDAT5,  PDAT6, 

PDAT7,  DOUTO,  00UT1,  D0UT2,  00UT3, 

DOUTA,  DOUTS,  00UT6,  EBLOCKO,  EBLOCKI, 

EBLOCK2,  EBLOCK3,  EBLOCKA,  EBLOCK5,  EBL0CK6, 

INJ2,  INJI); 

X2:  EL0UT7  PORT  MAP  (  LINO,  LIN1,  LIN2,  LIN3,  LINA, 

LINS,  LIN6,  LIN7,  PDATO,  POAT1, 

POAT2,  P0AT3,  PDATA,  PDAT5,  PDAT6, 

PDAT7,  DOUT7,  D0UT8,  D0UT9,  DOUT10, 

DOUT11,  DOUT12,  DOUT13,  EBL0CK7,  EBLOCK8, 

EBLOCK9,  EBLOCK10,  EBLOCKII,  EBLOCK12,  EBLOCK13, 
INJ2,  INJI); 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE 
end  structure  ; 
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Subcell  ELSEFT14  VHDL  Model 


-  VHOL  GENERATED  BY  AVG  FROM  FILE  ELSHFTU(.NPL) 

AutoMtic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:37:00 

Library  ZYCAO; 
use  ZYCAO. types. all; 
use  UORK.all; 

entity  ELSHFTU  is 
port( 

SDATIN:  in  NVL7; 

SRO:  inout  MVL7; 

SRI:  inout  HVL7; 

SR2:  inout  NVL7; 

SR3:  inout  MVL7; 

SR4:  inout  MVL7; 

SR5:  inout  MVL7; 

SR6:  inout  MVL7; 

SR7:  inout  MVL7; 

SR8:  inout  MVL7; 

SR9:  inout  HVL7; 

SR10:  inout  MVL7; 

SR11:  inout  HVL7; 

SR12:  inout  HVL7; 

SR13:  inout  MVL7; 

PHI:  in  MVL7; 

PH1N:  in  MVL7; 

PH2:  in  MVL7; 

PH2M;  in  MVL7  ); 
end  ELSHFTU; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ELSHFTU  is 

•-  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  HVL7  :s'0'; 
signal  VDD  :  HVL7  :='1'; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELSHIFT7(.NPL) 

--  Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:51 

component  ELSHIFT7  port( 

SDATIN:  in  MVL7; 

SRO:  inout  MVL7; 

SRI:  inout  MVL7; 

SR2:  inout  MVL7; 

SR3;  inout  MVL7; 

SRA:  inout  MVL7; 

SR5:  inout  MVL7; 

SR6:  inout  MVL7; 

PH2N:  in  MVL7; 

PHI:  in  MVL7; 

PH1H:  in  MVL7; 

PH2:  in  MVL7); 
end  component; 
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begin 


XI:  ELSH1FT7  PORT  NAP  (  SR7,  SRO,  SRI,  SR2.  SR3, 

SR4,  SR5,  SR6,  PH2N,  PHI, 

PHIN,  PH2); 

X2:  ELSHIFT7  PORT  HAP  (  SOATIM,  SR7,  SR8,  SR9,  SR10, 
SR11,  SR12,  SR13,  PH2N,  PHI, 
PH1M,  PH2); 

--  END  OF  AUTOHAT I CALLY  GENERATED  VNDL  STRUCTURE 
end  structure  ; 


156 


Subcell  ELOOT7  VHDL  Model 


VHOL  GENERATED  BY  AVG  FROM  FILE  EL0UT7(.NPL) 

Automatic  VHOL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/9) 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:56 


Library  ZYCAO; 
use  ZYCAD. types. all; 
use  WORK. all; 

entity  EL0UT7  is 
port( 

LINO:  in  MVL7; 

LIN1:  in  MVL7; 

LINZ:  in  NVL7; 

LIN3:  in  MVL7; 

LIN4:  in  NVL7; 

LINS:  in  MVL7; 

LIN6:  in  MVL7; 

LIN7:  in  MVL7; 

POATO:  in  HVL7; 
POAT1:  in  HVL7; 
PDAT2:  in  MVL7; 
POAT3:  in  MVL7; 
P0AT4:  in  MVL7; 
P0AT5:  in  MVL7; 
POAT6:  in  MVL7; 
P0AT7:  in  MVL7; 
DOUTO;  out  MVL7; 
DOUT1:  out  HVL7; 
OOUT2:  out  MVL7; 
OOUT3:  out  MVL7; 
00UT4;  out  MVL7; 
OOUT5:  out  MVL7; 
OOUT6:  out  MVL7; 
EBLOCKO:  in  MVL7; 
EBLOCKI:  in  MVL7; 
EBL0CK2;  in  MVL7; 
EBLOCK3:  in  MVL7; 


EBL0CK4:  in  MVL7; 

EBLOCK5:  in  MVL7; 

EBL0CK6:  in  MVL7; 

INJ2:  in  NVL7; 

INJ1:  in  MVL7  ); 
end  EL0UT7; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  EL0UT7  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  MVL7  :='0'; 
signal  VOD  :  MVL7  :='1'; 

END  SIGNALS 

--  CO»n>ONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  EL0G8(.NPL) 

Automatic  VTOL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:49 


component  EL0G8 
LINO:  in  MVL7; 
LIN1:  in  HVL7; 


LIN2:  in  NVL7; 
LIN3:  in  NV1.7; 
LIN4:  in  NVL7; 
LINS:  in  NVL7; 
LIN6:  in  NVL7; 
LIN7:  in  NVL7; 
COMBL:  out  NVL7; 
POATO:  in  NVL7; 
POAT1:  in  MVL7; 
POAT2:  in  HVL7; 
POAT3:  in  MVL7; 
POAT4:  in  NVL7; 
POAT5:  in  MVL7; 
P0AT6:  in  MVL7; 
P0AT7:  in  MVL7; 
EBLOCK:  in  MVL7; 
INJ2:  in  NVL7; 
IHJ1:  in  NVL7}; 
end  component; 


begin 


XI:  ELOG8  PORT  MAP  (  LINO,  LIN1,  LIN2.  LIN3,  LIN4. 

LINS,  LIN6,  LIN7,  DOUTO,  POATO, 
POAT1,  POAT2,  POAT3,  P0AT4,  POATS, 
PDAT6,  POAT7,  EBLOCKO,  INJ2.  INJI); 

X2:  ELOG8  PORT  MAP  (  LINO,  LIN1,  LIN2,  LIN3,  LIN4, 

LINS,  LIN6,  LIN7,  DOUT1,  POATO, 
POAT1,  POAT2,  POAT3,  P0AT4,  POATS, 
P0AT6,  PDAT7,  EBLOCK1,  INJ2,  INJI); 

X3:  EL0G8  PORT  NAP  (  LINO,  LIN1,  LIN2,  LIN3,  LIN4, 

LINS,  LINO,  LIN7,  OOUT2,  POATO, 
POAT1,  POAT2,  P0AT3,  POAT4,  POATS, 
POATO,  POAT7,  EBLOCIC2,  INJ2,  INJI); 

X4:  EL0G8  PORT  NAP  (  LINO,  LIN1,  LIN2,  LINS,  LIN4, 

LINS,  LINO,  LIN7,  00UT3,  POATO, 
POAT1,  POAT2,  POATS,  POAT4,  POATS, 
POATO,  P0AT7,  EBLOCK3,  INJ2,  INJI); 

XS:  ELOG8  PORT  MAP  (  LINO,  LIN1,  LIN2,  LINS,  LIN4, 

LINS,  LINO,  LIN7,  OOUT4,  POATO, 
POAT1,  P0AT2,  POATS,  P0AT4,  POATS, 
POATO,  POAT7,  EBLOCK4,  INJ2,  INJI); 

XO:  EL0G8  PORT  MAP  (  LINO,  LIN1,  LIN2,  LINS,  LIN4, 

LINS,  LINO,  LIN7,  DOUTS,  POATO, 
POAT1,  POAT2,  POATS,  P0AT4,  POATS, 
POATO,  P0AT7,  EBLOCKS,  INJ2,  INJI); 

X7:  EL0G8  PORT  NAP  (  LINO,  LIN1,  LIN2,  LINS,  LIN4, 

LINS,  LINO,  LIN7,  DOUTO,  POATO, 
POAT1,  POAT2,  POATS,  POAT4,  POATS, 
POATO,  POAT7,  EBLOCKO,  INJ2,  INJI); 

--  END  OF  AUTOMATICALLY  GENERATED  VHOL  STRUCTURE 

end  structure  ; 
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Subcell  ELIN2  VHDL  Model 


--  VHDL  GENERATED  BY  AVG  FROM  FILE  ELIN2(.NPL> 

Automatic  VIGIL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Oawtion  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:54 

Library  ZYCAD; 
use  ZYCAD.types.all; 
use  WORK. all; 

entity  ELIN2  is 
port( 

LINO:  in  MVL7; 

LIN1:  in  MVL7; 

LINZ:  in  NVL7; 

LINS:  in  NVL7; 

LIN4:  in  NVL7; 

LINS:  in  MVL7; 

LIN6:  in  MVL7; 

LIN7:  in  MVL7; 

OOUTO:  out  MVL7; 

POATO:  in  MVL7; 

POAT1:  in  MVL7; 

POAT2:  in  MVL7; 

POAT3:  in  MVL7; 

POAT4:  in  HVL7; 

POAT5:  in  HVL7; 

P0AT6:  in  MVL7; 

P0AT7:  in  MVL?; 

DOUT1:  out  NVL7; 

EBLOCKO:  in  NVL7; 

EBLOCK1:  in  NVL7; 

INJ2:  in  NVL7; 

INJ1:  in  MVL7  ); 
end  ELIN2; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ELIN2  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GNO  :  MVL7  :3'0'; 
signal  VDD  :  MVL7  :*'1'; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  EL0G8(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:49 

component  EL0G8  port( 

LINO:  in  MVL7; 

LIN1:  in  MVL7; 

LINZ:  in  MVL7; 

LINS:  in  NVL7; 

LIN4:  in  HVL7; 

LINS:  in  MVL7; 

LIN6:  in  MVL7; 

LIN7:  in  MVL7; 

COMBL:  out  MVL7; 

POATO:  in  MVL7; 

POAT1:  in  MVL 7; 

POAT2:  in  MVL7; 
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P0AT3:  in  NVL7; 
P0AT4:  in  NVL7; 
P0AT5:  in  NVL7; 
P0AT6:  in  NVL7; 
P0AT7:  in  MVL7; 
EBLOCK:  in  MVL7; 
INJ2:  in  NVL7; 
INJ1:  in  NVL7); 
end  component; 


begin 


XI:  EL0G8  PORT  NAP  (  LINO.  LIN1,  LIN2,  LINS.  LINA, 

LINS,  LIN6,  LIN7,  DOUTO,  POATO, 
POAT1,  POAT2,  POAT3,  P0AT4,  POAT5, 
PDAT6.  P0AT7,  EBLOCKO,  INJ2,  INJ1); 

X2:  EL0G8  PORT  HAP  (  LINO.  LIN1,  LIN2,  LINS.  LIN4, 

LINS,  LIN6,  LIN7.  DOUT1.  POATO, 
POAT1,  POAT2,  POAT3,  P0AT4,  POATS, 
P0AT6,  P0AT7,  EBLOCK1,  INJ2.  INJ1); 

--  END  OF  AUTOMATICALLY  GENERATED  VHOL  STRUCTURE 


end  structure  ; 
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Subcell  BLFIX7  VHDL  Model 


VHDL  GENERATED  BY  AVG  FROM  FILE  ELFIX7(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Oevelopaental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  froai 
the  Omtion  SCHENA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:53 

Library  ZYCAO; 
use  ZYCAD.types.all; 
use  WORK. all; 

entity  ELFIX7  is 
port( 

FXO:  out  NVL7; 

FX1:  out  MVL7; 

FX2:  out  MVL7; 

FX3:  out  MVL7; 

FX4:  out  HVL7; 

FX5:  out  MVL7; 

FX6:  out  MVL7; 

INJ2:  in  MVL7; 

EBLOCK:  in  MVL7; 

POATO:  in  MVL7; 

P0AT1:  in  HVL7; 

POAT2:  in  MVL7; 

POAT3:  in  MVL7; 

P0AT4:  in  NVL7; 

POAT5:  in  MVL7; 

POAT6:  in  HVL7; 

INJ1:  in  MVL7  ); 
end  ELF 1X7; 

••  ENO  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ELFIX7  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  HVL7  :s'0'; 
signal  VDD  :  MVL7  :*'1'; 

ENO  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELFIXI(.NPL) 

AutoeMtic  VHDL  Generator  (AVG)  V  0.98  (Oevelopaiental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:47 

component  ELFIX1  port( 

FIXOUT:  out  MVL7; 

CONTROL1:  in  MVL7; 

CONTROL2:  in  NVL7; 

INJCTR2:  in  MVL7; 

INJCTRI:  in  HVL7); 
end  component; 


begin 


X1:  ELFIXl  PORT  MAP  (  FXO,  EBLOCK,  POATO,  INJ2,  INJ1); 
X2:  ELFIXl  PORT  MAP  (  FXl,  EBLOCK,  POAT1,  INJ2,  INJ1); 
X3:  ELFIXl  PORT  HAP  (  FX2,  EBLOCK,  P0AT2,  INJ2,  INJl); 
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Subcell  SLFIX7  VHDL  Model 


■■  VHOL  GENERATED  BY  AVG  FROM  FILE  ELFIX7(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
••  the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:53 

Library  ZYCAD; 
use  ZYCAD.types.all; 
use  WORK. all; 

entity  ELFIX7  is 
port( 

FXO:  out  MVL7; 

FX1:  out  MVL7; 

FX2:  out  MVL7; 

FX3:  out  MVL7; 

FX4:  out  NVL7; 

FX5:  out  MVL7; 

FX6:  out  MVL7; 

INJ2:  in  MVL7; 

EBLOCK:  in  NVL7; 

PDATO:  in  NVL7; 

PDATI:  in  MVL7; 

P0AT2:  in  NVL7; 

P0AT3:  in  MVL7; 

POAT4:  in  MVL7; 

POAT5:  in  MVL7; 

P0AT6:  in  MVL7; 

IHJI:  in  MVL7  ); 
end  ELFIX7; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ELFIX7  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  NVL7  :3'0'; 
signal  VDD  :  HVL7  :»'1'; 

END  SIGNALS 

-•  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELFIXI(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:47 

component  ELFIXl  port( 

FIXOUT:  out  MVL7; 

CONTROLI:  in  MVL7; 

CONTROL2:  in  MVL7; 

INJCTR2:  in  MVL7; 

INJCTRI:  in  MVL7); 
end  component; 


begin 


XI:  ELFIXl  PORT  MAP  (  FXO,  EBLOCK, 
X2:  ELFIXl  PORT  MAP  (  FX1,  EBLOCK, 
X3:  ELFIXl  PORT  NAP  (  FX2,  EBLOCK, 


PDATO,  INJ2,  INJ1); 
PDATI,  INJ2,  INJI); 
PDAT2,  INJ2,  INJI); 
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X4:  ELFIX1  PORT  NAP  (  FX3,  EBLOCK,  P0AT3,  INJ2.  INJI) 

XS;  ELFIX1  PORT  NAP  (  FX4,  EBLOCK,  P0AT4,  INJ2,  INJI) 

X6:  ELFIX1  PORT  NAP  (  FX5,  EBLOCK,  P0AT5,  INJ2,  INJI) 

X7:  ELFIX1  PORT  NAP  (  FX6,  EBLOCK,  P0AT6,  INJ2,  INJI) 

--  END  OF  AUTONATICALLY  GENERATED  VHDL  STRUCTURE 
end  structure  ; 
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Subcell  ELSHIFT8  VHDL  Model 


VHDL  GENERATED  BY  AVG  FROM  FILE  ELSHIFT8(.NPL} 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:52 


Library  ZYCAD; 
uae  ZYCAD. types. all; 
use  WORK. all; 


entity  ELSHIFT8  is 
port( 

SDATIN:  in  MVL7; 

SRO:  inout  NVL7; 

SRI:  inout  NVL7; 

SR2:  inout  NVL7; 

SR3:  inout  NVL7; 

SR4:  inout  NVL7; 

SR5:  inout  MVL7; 

SR6:  inout  MVL7; 

SR7:  inout  MVL7; 

PHI:  in  MVL7; 

PH1N:  in  NVL7; 

PH2:  in  MVL7; 

PH2N:  in  NVL7  ); 
end  ELSHIFT8; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 


architecture  structure  of  ELSHIFT8  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  MVL7  :::'0'; 
signal  VDD  :  MVL7 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 


COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELDELAY( .NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental) 
Generated  on  11-10-1991  at  16:36:45 


8/11/91 


component  ELDELAY 
DATA:  in  MVL7; 
DOUT:  inout  MVL7; 
CK2N:  in  MVL7; 
CK1:  in  MVL7; 
CK1N:  in  MVL7; 
CK2:  in  MVL7); 
end  component; 


XI:  ELDELAY  PORT  MAP  (  SDATIN,  SR7,  PH2N,  PHI,  PHiH, 
PH2); 

X2:  ELDELAY  PORT  NAP  (  SR7,  SR6,  PH2N,  PHI,  PHIN, 
PH2); 


X3:  ELDELAY  PORT  MAP  (  SR6,  SR5,  PH2N,  PHI,  PHIN, 
PH2); 
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X4:  ELOELAY  PORT  NAP  (  SR5,  SR4,  PH2N,  PHI,  PHIN, 
PH2); 

X5:  ELDELAY  PORT  MAP  (  SR4,  SR3.  PH2N,  PHI,  PHIN, 
PH2); 

X6:  ELOELAY  PORT  MAP  (  SR3,  SR2,  PH2N,  PHI,  PHIN, 
PH2); 

X7:  ELDELAY  PORT  MAP  (  SR2,  SR1,  PH2N,  PHI,  PHIN, 
PH2); 

X8:  ELDELAY  PORT  NAP  (  SR1,  SRO,  PH2N,  PHI,  PHIN, 
PH2); 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE 


end  structure 


Subcell  ELSHIFT7  VHDL  Model 


--  VHDL  GENERATED  BY  AVG  FROM  FILE  ELSHIFT7(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:51 

Library  ZYCAD; 
use  ZYCAD. types. all; 
use  WORK. all; 

entity  ELSHIFT7  is 
port( 

SDATIN:  in  MVL7; 

SRO:  inout  MVL7; 

SRI:  inout  MVL7; 

SR2:  inout  MVL7; 

SR3:  inout  MVL7; 

SR4:  inout  MVL7; 

SR5:  inout  MVL7; 

SR6:  inout  HVL7; 

PH2N:  in  MVL7; 

PHI:  in  MVL7; 

PH1H:  in  MVL7; 

PH2:  in  MVL7  ); 
end  ELSHIFT7; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ELSHIFT7  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  MVL7  :s'0'; 
signal  VDD  :  MVL7  :='1'; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  EL0ELAY( .NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:45 

component  ELDELAY  port( 

DATA:  in  MVL7; 

DOUT:  inout  MVL7; 

CK2N:  in  MVL7; 

CK1:  in  MVL7; 

CK1N:  in  MVL7; 

CK2:  in  MVL7); 
end  component ; 


begin 


XI:  ELDELAY  PORT  MAP  (  SDATIN,  SR6,  PH2N,  PHI,  PH1N, 
PH2); 

Xi:  ELDELAY  PORT  MAP  (  SR6,  SR5,  PH2N,  PHI,  PH1N, 
PH2); 

X3:  ELDELAY  PORT  MAP  (  SR5,  SR4,  PH2N,  PHI,  PHlN, 
PH2); 

X4:  ELDELAY  PORT  MAP  (  SR4,  SR3,  PH2N,  PHI,  PH1N, 
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PH2); 


X5:  ELDELAY  PORT  MAP  (  SR3,  SR2,  PH2N.  PH1,  PH1N, 
PH2); 

X6:  ELDELAY  PORT  HAP  (  SR2.  SRI,  PN2N,  PHI,  PHIN, 
PH2); 

X7:  ELDELAY  PORT  NAP  (  SRI,  SRO,  PH2N,  PHI,  PH1N, 
PH2); 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE 
end  structure  ; 
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Subcell  ELOG8  VBDL  Model 


-  VHDL  GENERATED  BY  AVG  FROM  FILE  ELOG8(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:49 

Library  ZYCAD; 
use  ZYCAD.types.all; 
use  WORK. all; 

entity  EL0G8  is 
port( 

LINO:  in  HVL7; 

LIN1:  in  MVL7; 

LIN2:  in  HVL7; 

LIN3:  in  MVL7; 

LIN4:  in  MVL7; 

LINS:  in  MVL7; 

LIN6:  in  MVL7; 

LIN7:  in  HVL7; 

COMBL:  out  NVL7; 

POATO:  in  HVL7; 

PDAT1:  in  MVL7; 

POATZ:  in  HVL7; 

P0AT3:  in  MVL7; 

P0AT4:  in  MVL7; 

POAT5:  in  MVL7; 

P0AT6:  in  MVL7; 

P0AT7:  in  MVL7; 

EBLOCK:  in  HVL7; 

INJ2:  in  MVL7; 

INJI:  in  MVL7  ); 
end  EL0G8; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  EL0G8  is 

--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  HVL7  :='0'; 
signal  VDD  :  MVL7  ;='1'; 
signal  COMBLN  :  DotX; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 

--  COMPONENT  GENERATED  BY  AVG  FROM  FILE  ELOGI(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Generated  on  11-10-1991  at  16:36:46 

component  ELOGI  port( 

LOGIN:  in  MVL7; 

CONTROLI:  in  MVL7; 

CONTROL2:  in  MVL7; 

BITOUT:  inout  DotX; 

INJCTRI:  in  MVL7; 

INJCTR2:  in  MVL7); 
end  component; 

component  pchpu 

--  P-CHANNEL  MOS  TRANSISTOR  USED  AS  A  PULL-UP  RESISTOR 
port(  PULLUP  :  inout  DotX); 
end  component; 
component  inverter 
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portd'nput:  in  HVL7;  output:  out  MVL7); 
end  coinponent; 

begin 


XI:  ELOGI  PORT  HAP  (  LINO,  EBLOCK,  POATO,  COMBLN,  INJI, 
INJ2); 

X10:  PCHPU  PORT  HAP  (  COHBLN); 

X2:  ELOG1  PORT  HAP  (  LIN1,  EBLOCK,  POAT1,  COHBLN,  INJl, 
INJ2); 

X3:  ELOG1  PORT  HAP  (  LIN2,  EBLOCK,  P0AT2,  COHBLN,  INJI, 
INJ2); 

X4:  ELOG1  PORT  HAP  (  LIN3,  EBLOCK,  POAT3,  COHBLN,  INJI, 
INJ2}; 

X5:  ELOGI  PORT  HAP  (  LIN4,  EBLOCK,  P0AT4,  COHBLN,  INJI, 
INJ2); 

X6:  ELOG1  PORT  HAP  (  LINS,  EBLOCK,  PDATS,  COHBLN,  INJI. 
INJ2); 

X7:  ELOG1  PORT  HAP  (  LIN6,  EBLOCK,  PDAT6,  COHBLN,  INJI, 
INJ2); 

X8:  ELOGI  PORT  HAP  (  L1N7,  EBLOCK,  P0AT7,  COHBLN,  INJI, 
1NJ2); 

X9:  INVERTER  PORT  HAP  (  COHBLN,  COHBL); 

--  END  OF  AUTOHATICALLY  GENERATED  VHDL  STRUCTURE 

end  structure  ; 
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Subcell  ELPIN  VHDL  Model 


—  VHDL  GENERATED  BY  AVG  FROM  FILE  ELPIN(.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:47 


Library  ZYCAO; 
use  ZYCAO. types. all; 
use  WORK. all; 


entity  ELPIN  is 
port( 

PPIN:  inout  DotX; 

INDAT:  out  MVL7; 

INOATN:  inout  MVL7; 

OPINOUT:  in  HVL7; 

OPNCLCTR:  in  NVL7; 

INVOUT:  in  MVL7; 

OUTEN:  in  MVL7; 

PROGEN:  in  MVL7  ); 
end  ELPIN; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 


architecture  structure  of  ELPIN  is 


--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  MVL7  :='0'; 
signal  VOD  :  MVL7  :='1'; 
signal  S01076019  :  MVL7; 
signal  S0104S014  :  MVL7; 
signal  S0104S021  :  MVL7; 
signal  S01017039  :  MVL7; 
signal  S01013027  :  MVL7; 
signal  S01022025  :  MVL7; 
signal  S0101401S  :  MVL7; 
signal  S01019061  :  MVL7; 
signal  OPSEL  :  DotX; 
signal  S01028014  :  MVL7; 
signal  S01021014  :  MVL7; 
signal  S01013014  :  MVL7; 

END  SIGNALS 


--  COMPONENT  DECLARATIONS  HERE 

component  tripad 
port(CHIP  :  out  MVL7; 

OUTP  :  in  MVL7; 

OUTN  :  in  MVL7; 

PPIN  :  inout  DotX); 
end  component; 
component  inverter 

port( input:  in  MVL7;  output:  out  MVL7); 
end  component; 
component  nan^ 

port(N02INl:  in  MVL7;  N02IN2  :  in  HVL7;  ND20UT:  out  MVL7); 
end  component; 
component  tgate 
port(p1  :  in  MVL7; 
p2  :  in  MVL7; 
g  :  in  MVL7; 
d  :  inout  DotX); 
end  component; 
component  nor2 
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port(NR2IH1:  in  NVL7;  NR2IN2  :  in  MVL7;  NR20UT:  out  MVL7}; 
end  component; 

begin 

PAOl:  TRIPAO  PORT  HAP  (  S01076019,  S01045014,  S01045021,  PP1N>; 
XI:  INVERTER  PORT  MAP  (  DPINOUT.  S01017039); 

XIO:  NAND2  PORT  MAP  (  OUTEN,  S01013027,  S0102202S); 

XII:  INVERTER  PORT  MAP  (  S01022025.  S010U01S); 

X12:  TGATE  PORT  MAP  (  INVOUT,  S01019061,  S01017039.  DPSEL); 

X14:  TGATE  PORT  MAP  (  S01019061,  INVOUT,  DPINOUT,  DPSEL); 

X15:  INVERTER  PORT  NAP  (  INVOUT,  S01019061); 

X2:  INVERTER  PORT  MAP  (  S01076019,  INDATN); 

X3:  INVERTER  PORT  MAP  (  INDATN,  INDAT); 

X4:  NAND2  PORT  MAP  (  DPSEL,  S01028014,  S01045014); 

X5:  NOR2  PORT  NAP  (  DPSEL,  S01022025,  S0104S021); 

X6:  INVERTER  PORT  HAP  (  S01021014,  S01028014); 

X7:  NAND2  PORT  MAP  (  S01013014,  S01014015,  S01021014); 

X8:  INVERTER  PORT  MAP  (  OPNCLCTR,  S01013014); 

X9:  INVERTER  PORT  MAP  (  PROGEN,  S01013027); 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE 
end  structure  ; 
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SubCBll  ELFIXl  VHDL  Model 


■■  VHOL  GENERATED  BY  AVG  FROM  FILE  ELFIXI(.NPL) 

AutoMtic  VHOL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omtion  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:47 


Library  ZYCAD; 
use  ZYCAD. types. all ; 
use  WORK. all; 


entity  ELFIXl  is 
port( 

FIXOUT:  out  NVL7; 

CONTROL 1:  in  MVL7; 

CONTROLZ:  in  MVL7; 

INJCTR2:  in  HVL7; 

INJCTR1:  in  NVL7  ); 
end  ELFIXl; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 


architecture  structure  of  ELFIXl  is 


--  SIGNAL  DECLARATIONS  HERE 

signal  GNO  :  MVL7  :>'0'; 
signal  VDO  :  HVL7  :='1'; 
signal  S01030039  :  MVL7; 
signal  FIXNOT  :  OotX; 

END  SIGNALS 


--  COMPONENT  DECLARATIONS  HERE 
component  nandZ 

port(N02INl:  in  MVL7;  N02IN2  :  in  NVL7;  ND20UT:  out  MVL7); 
end  component; 
component  EEPPMl 
port(DRAIN  :  inout  OotX; 

GATE  :  in  MVL7; 

INJ1  :  in  MVL7; 

INJ2  :  in  MVL7); 
end  component; 
component  inverter 

port( input:  in  MVL7;  output:  out  MVL7); 
end  component; 
component  pchpu 

--  P-CHANNEL  MOS  TRANSISTOR  USED  AS  A  PULL-UP  RESISTOR 
port(  PULLUP  :  inout  DotX); 
end  componerit; 

begin 


XI:  NAN02  PORT  MAP  (  CONTROLl,  CONTROL2,  S01030039); 

X2:  EEPPMl  PORT  MAP  (  FIXNOT,  S01030039,  INJCTR1,  INJCTR2); 
X3:  INVERTER  PORT  MAP  (  FIXNOT,  FIXOUT); 

X4:  PCHPU  PORT  MAP  (  FIXNOT); 

--  END  OF  AUTOMATICALLY  GENERATED  VHOL  STRUCTURE 
end  structure  ; 
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Subcell  ELOGl  VHDL  Model 


■■  VHDL  GENERATED  BY  AVG  FROM  FILE  ELOGK.NPL) 

Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:46 

Library  ZYCAD; 
use  ZYCAD. types. all; 
use  WORK. all; 

entity  ELOGl  is 
port( 

LOGIN:  in  NVL7; 

CONTROLI:  in  MVL7; 

CONTROL2:  in  MVL7; 

BITOUT:  inout  DotX; 

INJCTR1:  in  MVL7; 

INJCTR2:  in  HVL7  ); 
end  ELOGl; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 

architecture  structure  of  ELOGl  is 

--  SIGNAL  DECLARATIONS  HERE 

Signal  GND  :  MVL7  :='0'; 
signal  VOD  :  HVL7 
signal  S01030039  :  MVL7; 
signal  S01035028  :  MVL7; 

END  SIGNALS 

--  COMPONENT  DECLARATIONS  HERE 
component  nand2 

port(ND2IN1:  in  MVL7;  N02IN2  :  in  MVL7;  ND20UT:  out  MVL7); 
end  component; 
component  EEPPM1 
port(DRAIN  :  inout  DotX; 

GATE  :  in  MVL7; 

INJ1  :  in  MVL7; 

INJ2  :  in  MVL7); 
end  component; 
component  nchan3 
port(Gate:  in  MVL7; 

Drain:  out  DotX; 

Source:  in  MVL7); 
end  component; 

begin 


XI:  NAND2  PORT  NAP  (  CONTROLI,  CONTROL2,  S01030039); 

X2:  EEPP^I  PORT  MAP  (  S01035028,  S01030039,  INJCTRI,  INJCTR2); 
X3:  NCHAN3  PORT  MAP  (  LOGIN,  BITOUT,  S01035028); 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTU^r 
end  structure  ; 
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Subcell  ELDEUa  VHDL  Model 


--  VNOL  GENERATED  BY  AVG  FROM  FILE  ELDELAYC .NPL) 

--  Automatic  VHDL  Generator  (AVG)  V  0.98  (Developmental)  -  8/11/91 
Adapted  by  Joe  Breen,  AFIT  ENS,  UPAFB,  OH,  from 
the  Omation  SCHEMA  SPICE  netlist  generator. 

Generated  on  11-10-1991  at  16:36:45 


Library  ZYCAD; 
use  ZYCAD.types.all; 
use  WORK. all; 


entity  ELDELAY  is 
port( 

DATA:  in  MVL7; 

DOUT:  inout  MVL7; 

CK2N:  in  MVL7; 

CK1:  in  MVL7; 

CK1N:  in  MVL7; 

CK2:  in  NVL7  ); 
end  ELDELAY; 

--  END  OF  AUTOMATICALLY  GENERATED  VHDL  entity 
architecture  structure  of  ELDELAY  is 


--  SIGNAL  DECLARATIONS  HERE 

signal  GND  :  MVL7  :='0'; 
signal  VDD  :  MVL7  ;='1'; 
signal  CNODE1  :  DotX; 
signal  STORE1N  :  NVL7; 
signal  CNOOE2  :  DotX; 

END  SIGNALS 


--  COMPONENT  DECLARATIONS  HERE 


component  tgate 
port (pi  :  in  MVL7; 
p2  :  in  MVL7; 
g  :  in  MVL7; 
d  :  inout  DotX); 
end  component; 
component  inverter 

port(input:  in  MVL7;  output:  out  MVL7); 
end  component; 
component  clkdinv 
port (INPUT  :  in  MVL7; 

OUTPUT  :  inout  DotX; 

PHI  :  in  MVL7; 

PHIN  :  in  MVL7); 
end  component; 

begin 


XI:  TGATE  PORT  MAP  (  CK1,  CK1N,  DATA,  CNODE1); 

X2:  INVERTER  PORT  MAP  (  CNOOE1,  STORE1N); 

X3:  TGATE  PORT  MAP  (  CK2,  CK2N,  STORE1N,  CNOOE2); 
X4:  INVERTER  PORT  MAP  (  CNODE2,  DOUT); 

X5:  CLKDINV  PORT  MAP  (  STORE1N,  CNOOE1,  CK1N,  CK1); 
X6:  CLKDINV  PORT  MAP  (  DOUT,  CNOOE2,  CK2N,  CK2); 
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--  END  OF  AUTOMATICALLY  GENERATED  VHDL  STRUCTURE 
end  structure  ; 
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Subcell  TRIPAD  VHDL  Model 


--  Date:  02  Oct  91 
--  Version:  1 

--  Unix  filename:  tripad.vhd 

--  Function:  This  file  is  a  behavioral  description  of  a  tri-state 
--  I/O  pad.  The  pad  has  inputs  of  OUTP  and  OUTN  which  are  the  gates 
--  of  a  P-Channel  and  an  M-Channel  drive  transistor  respectively. 

--  The  output  from  the  pad  is  CHIP  which  is  a  direct  connection  to 
--  the  metal  pad. 


Library  ZYCAO; 
use  ZYCAO. types. all; 
use  WORK. all; 

entity  tripad  is 
portfCHIP  :  out  MVL7; 

OUTP  :  in  MVL7; 

OUTN  :  in  MVL7; 

PPIN  :  inout  OotX); 
end  tripad; 

architecture  behavioral  of  tripad  is 
Signal  nodel  :  MVL7; 

begin 

process 

begin 

if  (  MVL7toBIT(PPIM)  *  M'  )  then  CHIP  «  »1'; 

elsif  <HVL7to8IT<PPIN)*'0'  )  then  CHIP  <=  'O'; 
end  if; 

if  (  HVL7to8IT(CIUTN)  =  '1'  )  then  PPIN  <=  'O'; 
elsif  <MVL7toBIT(OUTP)='0'  )  then  PPIN  <=  '1'; 
else  PPIN  <s  'Z'; 
end  if; 

wait  on  OUTP,  OUTN,  PPIN; 
end  process; 
end  behavioral; 
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Appendix  H:  Detailed  Programming 
Model  for  Microcircuit  2, 
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I  CD 


Figure  39.  Microcircuit  2  Detailed  Programming  Model:  Right 
Group  Inputs. 
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I  CD 


Figure  40.  Microcircuit  2  Detailed  Prograimning  Model:  Right 
Group  Outputs. 
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Figure  41.  Microcircuit  2  Detailed  Programming  Model;  Left 
Group  Outputs. 
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Appendix  I:  Emulation  Program  Words 
For  Microcircuit  2. 
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P I NAR- 
P I NBR- 


P  I  NBL 
P  I  NAL 


1  2 


SECT1 

SECT2 

7400 

7400 

H  As  PINDR— ^ 

1  'X  fi 

b^PINFR 

SECT3 

SECT4 

7400 

7400 

■I  \  11  PINEL— H 

1  ^  ^ 

p-l-^PINCL  10 

b^PINFL 

■1  /  PINDL-^ 

L-/ 

Figure  42.  Emulation  Target  7400  Diagram. 


Table  9.  Emulation  Target  7400  Program  Table. 


Program  Sheet  for:  7400 


GPW7 

GPU6 

GPUS 

GPU4 

GPU3 

GPU2 

GPU1 

GPUO 

-> 

LABEL 

DESCRIPTION 

SRB35 

34 

33 

32 

31 

30 

29 

28 

GPU 

SEL 

LGOUPBL 

Out 

LEFT  B 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LTO* 

0 

LT1= 

0 

LT2= 

0 

LT3= 

0 

0 

0 

LGOUPOL 

Out 

LEFT  D 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LTOs 

0 

LT1= 

0 

LT2= 

0 

LT3= 

0 

0 

1 

LGOUPFL 

Out 

LEFT  F 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

D 

LT1  = 

0 

LT2= 

1 

LT3= 

0 

2 

-> 

2 

LGOUPGR 

Out 

RIGHT  G 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

6 

LGOUPER 

Out 

RIGHT  E 

RT3» 

0 

RT2* 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

5 

LGOUPCR 

Out 

RIGHT  C 

RT3= 

0 

RT2= 

0 

RT1= 

0 

RTO* 

1 

LTD* 

0 

LT1= 

0 

LT2= 

0 

LT3= 

0 

16 

-> 

4 

LGOUPAR 

Out 

RIGHT  A 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RTO* 

0 

LTO* 

0 

LT1» 

0 

LT2s 

0 

LT3= 

0 

0 

3 

LGOUPAL 

Out 

LEFT  A 

RT3* 

0 

RT2* 

0 

RT1  = 

0 

RT0= 

0 

LTD* 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

7 

LGOUPCL 

Out 

LEFT  C 

RT3= 

0 

RT2* 

0 

RT1* 

0 

RT0= 

0 

LTO* 

1 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

8 

-> 

8 

LGOUPEL 

Out 

LEFT  E 

RT3= 

0 

RT2= 

0 

RTIa 

0 

RT0= 

0 

LT0= 

0 

LT1= 

0 

LT2= 

0 

LT3= 

0 

0 

9 

LGOUPGL 

Out 

LEFT  G 

RT3= 

0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

10 

LGOUPFR 

Out 

RIGHT  F 

RT3= 

0 

RT2= 

1 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

64 

-> 

13 

LGOUPOR 

Out 

RIGHT  0 

RT3= 

0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1= 

0 

LT2= 

0 

LT3= 

0 

0 

12 

LGOUPBR 

Out 

RIGHT  B 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

11 

X3/CSEL0  OC: 

LEFT  Pins 

n/a 

0 

OCLA 

0 

OCLB 

0 

OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

14 

X3/CSEL1 

OEN 

LEFT  Pins 

n/a 

0 

OENA 

0 

OENB 

0 

OENC 

1 

OENO 

0 

OENE 

0 

OENF 

1 

OENG 

0 

18 

-> 

15 

X3/CSEL2 

Inv 

LEFT  Pins  n/a 

0 

INVA 

0 

INVB 

0 

INVC 

0 

INVD 

0 

INVE 

0 

INVF 

0 

INVG 

0 

0 

16 

X3/CSEL3  LTERM3  Program  0 

0 

D' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

17 

X3/CSEL4  LTERN2  Program  D 

0 

D' 

1 

E 

0 

E' 

1 

F 

0 

F' 

0 

G 

0 

G' 

0 

80 

-> 

18 

X3/CSELS 

LTERMI  Program  A 

0 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

0 

19 

X3/CSEL6  LTERHO  Program  A 

0 

A' 

1 

B 

0 

B' 

1 

C 

0 

C' 

0 

D 

0 

D' 

0 

80 

-> 

20 

X5/CSEL0  0C:RIGHT  Pins 

n/a 

0 

OCLA 

0 

OCLB 

0 

OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

21 

X5/CSEL1 

OEN 

RIGHT  Pins 

n/a 

0 

OENA 

0 

OENB 

0 

OENC 

1 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

18 

-> 

22 

X5/CSEL2 

InviRIGHT  Pins  n/a 

0 

INVA 

0 

INVB 

0 

INVC 

0 

INVD 

0 

INVE 

0 

INVF 

0 

INVG 

0 

0 

23 

X5/CSEL3  RTERN3  Program  D 

0 

0' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

24 

X5/CSEL4  RTERM2  Program  0 

0 

0' 

1 

E 

0 

E' 

1 

F 

0 

F' 

0 

G 

0 

G' 

0 

80 

-> 

25 

X5/CSELS  RTERH1  Program  A 

0 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

0 

26 

XS/CSEL6  RTERHO  Program  A 

0 

A' 

1 

B 

0 

B' 

1 

C 

0 

C' 

0 

D 

0 

D' 

0 

80 

-> 

27 

182 


seen 

SECT2 
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Figure  43.  Emulation  Target  7403  Diagram. 


Table  10.  Emulation  Target  7403  Program  Table. 


Program  Sheet  for:  7403 


GPW7 

GPU6 

GPUS 

GPW4 

GPU3 

GPU2 

GPU1 

GPWO 

-> 

LABEL 

DESCRIPTION 

SRB3S 

34 

33 

32 

31 

30 

29 

28 

GPU 

SEL 

LGOUPBL 

Out 

LEFT  B 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

0 

LGOUPOL 

Out 

LEFT  D 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

1 

LGOUPFL 

Out 

LEFT  F 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

1 

LT3= 

0 

2 

-> 

2 

LGOUPGR 

Out 

RIGHT  G 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

6 

LGOUPER 

Out 

RIGHT  E 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

5 

LGOUPCR 

Out 

RIGHT  C 

RT3=  0 

RT2» 

0 

RT1  = 

0 

RTO* 

1 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

16 

-> 

4 

LGOUPAR 

Out 

RIGHT  A 

RT3s  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1= 

0 

LT2» 

0 

LT3= 

0 

0 

3 

LGOUPAL 

Out 

LEFT  A 

RT3=  0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2s 

0 

LT3= 

0 

0 

7 

LGOUPCL 

Out 

LEFT  C 

RT3*  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LTO* 

1 

LT1  = 

0 

LT2» 

0 

LT3= 

0 

8 

-> 

8 

LGOUPEL 

Out 

LEFT  E 

RT3=  0 

RT2* 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2» 

0 

LT3= 

0 

0 

9 

LGOUPGL 

Out 

LEFT  G 

RT3=  0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2s 

0 

LT3= 

0 

0 

10 

LGOUPFR 

Out 

RIGHT  F 

RT3=  0 

RT2= 

1 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2s 

0 

LT3= 

0 

64 

-> 

13 

LGOUPOR 

Out 

RIGHT  0 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1= 

0 

LT2= 

0 

LT3= 

0 

0 

12 

LGOUPBR 

Out 

RIGHT  B 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

11 

X3/CSEL0  OC: 

LEFT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0 

OCLC 

1 

OCLD 

0 

OCLE 

0 

OCLF 

1 

OCLG 

0 

18 

-> 

14 

X3/CSEL1 

OEN 

LEFT  Pins  n/a  0 

OENA 

0 

OENB 

0 

OENC 

1 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

18 

-> 

15 

X3/CSEL2 

Inv 

LEFT  Pins 

n/a  0 

INVA 

0 

INVB 

0 

INVC 

0 

INVD 

0 

INVE 

0 

INVF 

0 

INVG 

0 

0 

16 

X3/CSEL3  LTERM3  Program  D  0 

0' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

17 

X3/CSEL4 

LTERH2  Program  D  0 

D' 

1 

E 

0 

E' 

1 

F 

0 

F' 

0 

G 

0 

G' 

0 

80 

-> 

18 

X3/CSEL5 

LTERM1  Program  A  0 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

0 

19 

X3/CSEL6  LTERMO  Program  A  0 

A' 

1 

B 

0 

B' 

1 

C 

0 

C' 

0 

D 

0 

D' 

0 

80 

-> 

20 

X5/CSEL0  0C:RIGHT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0 

OCLC 

1 

OCLD 

0 

OCLE 

0 

OCLF 

1 

OCLG 

0 

18 

-> 

21 

X5/CSEL1 

OEN 

RIGHT  Pins 

n/a  0 

OENA 

0 

OENB 

0 

OENC 

1 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

18 

-> 

22 

X5/CSEL2 

Inv 

RIGHT  Pins  n/a  0 

INVA 

0 

INVB 

0 

INVC 

0 

INVD 

0 

INVE 

0 

INVF 

0 

INVG 

0 

0 

23 

X5/CSEL3  RTERM3  Program  0  0 

D' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

24 

X5/CSEL4  RTERM2  Program  0  0 

D' 

1 

E 

0 

E' 

1 

F 

0 

F' 

0 

G 

0 

G' 

0 

80 

-> 

25 

X5/CSELS  RTERM1  Program  A  0 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

0 

26 

XS/CSEL6  RTERMO  Program  A  0 

A' 

1 

B 

0 

B' 

1 

C 

0 

C' 

0 

D 

0 

D' 

0 

80 

-> 

27 

183 
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Figure  44.  Emulation  Target  7404  Diagram. 


Table  11.  Emulation  Target  7404  Program  Table. 


Program  Sheet  for:  7404 


GPU7 

GPU6 

GPUS 

GPU4 

GPW3 

GPU2 

GPU1 

GPUO 

-> 

LABEL 

DESCkIPTION 

SRB3S 

34 

33 

32 

31 

30 

29 

28 

GPU 

SEL 

LGOUPBL 

Out 

LEFT  B 

RT3=  0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LT0= 

1 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

8 

-> 

0 

LGOUPDL 

Out 

LEFT  0 

RT3=  0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

1 

LT2= 

0 

LT3= 

0 

4 

-> 

1 

LGOUPFL 

Out 

LEFT  F 

RT3=  0 

RT2a 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

1 

LT3= 

0 

2 

-> 

2 

LGOUPGR 

Out 

RIGHT  G 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1= 

0 

LT2= 

0 

LT3= 

0 

0 

6 

LGOUPER 

Out 

RIGHT  E 

RT3=  0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

5 

LGOUPCR 

Out 

RIGHT  C 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

4 

LGOUPAR 

Out 

RIGHT  A 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

3 

LGOUPAL 

Out 

LEFT  A 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

7 

LGOUPCL 

Out 

LEFT  C 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RTO* 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

8 

LGOUPEL 

Out 

LEFT  E 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

9 

LGOUPGL 

Out 

LEFT  G 

RT3=  0 

RT2a 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1» 

0 

LT2= 

0 

LT3= 

0 

0 

10 

LGOUPFR 

Out 

RIGHT  F 

RT3=  0 

RT2= 

1 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

64 

-> 

13 

LGOUPDR 

Out 

RIGHT  0 

RT3a  0 

RT2= 

0 

RT1  = 

1 

RT0» 

0 

LT0= 

0 

LT1» 

0 

LT2= 

0 

LT3= 

0 

32 

-> 

12 

LGOUPBR 

Out 

RIGHT  B 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0» 

1 

LT0= 

0 

LT1» 

0 

LT2= 

0 

LT3= 

0 

16 

-> 

11 

X3/CSEL0  OC: 

LEFT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0 

OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

14 

X3/CSEL1 

OEM 

LEFT  Pins  n/a  0 

OENA 

0 

OENB 

1 

OENC 

0 

OEND 

1 

OENE 

0 

OENF 

1 

OENG 

0 

42 

-> 

15 

X3/CSEL2 

Inv 

LEFT  Pins 

n/a  0 

INVA 

0 

INVB 

1 

INVC 

0 

INVD 

1 

INVE 

0 

INVF 

1 

INVG 

0 

42 

-> 

16 

X3/CSEL3  LTERM3  Program  0  0 

D' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

17 

X3/CSEL4  LTERH2  Program  0  0 

D' 

0 

E 

1 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

32 

-> 

18 

X3/CSEL5 

LTERM1  Program  A  0 

A' 

0 

8 

0 

B' 

0 

C 

1 

C' 

0 

D 

0 

D' 

0 

8 

-> 

19 

X3/CSEL6  LTERHO  Program  A  1 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

128 

-> 

20 

XS/CSELO  OCiRIGHT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0 

OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

21 

X5/CSEL1 

OEM 

RIGHT  Pins  n/a  0 

OENA 

0 

OENB 

1 

OENC 

0 

OEND 

1 

OENE 

0 

OENF 

1 

OENG 

0 

42 

-> 

22 

X5/CSEL2 

Inv:RIGHT  Pins  n/a  0 

INVA 

0 

INVB 

1 

INVC 

0 

INVD 

1 

INVE 

0 

INVF 

1 

INVG 

0 

42 

-> 

23 

X5/CSEL3  RTERM3  Program  D  0 

D' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

24 

XS/CSEL4  RTERN2  Program  0  0 

D' 

0 

E 

1 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

32 

-> 

25 

X5/CSEL5 

RTERM1  Program  A  0 

A' 

0 

B 

0 

B' 

0 

C 

1 

C' 

0 

D 

0 

D' 

0 

8 

-> 

26 

X5/CSEL6  RTERMO  Program  A  1 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

128 

-> 

27 

184 


Figure  45.  Emulation  Target  7408  Diagram. 


Table  12.  Emulation  Target  7408  Program  Table. 


Program  Sheet  for:  7408 


GPW7 

GPU6 

GPW5 

GPW4 

GPU3 

GPU2 

GPU1 

GPUO 

-> 

LABEL 

DESCRIPTION 

SRB35 

34 

33 

32 

31 

3D 

29 

28 

GPU 

SEL 

LGOUPBL 

Out: 

LEFT  B 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1= 

0 

LT2= 

0 

LT3= 

0 

0 

0 

LGQUPOL 

Out: 

LEFT  D 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

1 

LGOUPFL 

Out: 

LEFT  F 

RT3=  0 

RT2= 

0 

RT1= 

0 

RTO* 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

1 

LT3= 

0 

2 

-> 

2 

LGOUPGR 

Out: 

RIGHT  G 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

6 

LGOUPER 

Out: 

RIGHT  E 

RT3*  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

5 

LGOUPCR 

Out: 

RIGHT  C 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

1 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

16 

-> 

4 

LGOUPAR 

Out: 

RIGHT  A 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

3 

LGOUPAL 

Out: 

LEFT  A 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0» 

0 

LT1= 

0 

LT2= 

0 

LT3* 

0 

0 

7 

LGOUPCL 

Out: 

LEFT  C 

RT3»  0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LTD* 

1 

LT1  = 

0 

LT2= 

0 

LT3» 

0 

8 

-> 

8 

LGOUPEL 

Out: 

LEFT  E 

RT3*  0 

RT2« 

0 

RT1» 

0 

RT0» 

0 

LT0= 

0 

LT1  = 

0 

LT2« 

0 

LT3= 

0 

0 

9 

LGOUPGL 

Out: 

LEFT  G 

RT3»  0 

RT2* 

0 

RT1  = 

0 

RTO* 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3x 

0 

0 

10 

LGOUPFR 

Out: 

RIGHT  F 

RT3=  0 

RT2* 

1 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

64 

•> 

13 

LGOUPDR 

Out: 

RIGHT  D 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

12 

LGOUPBR 

Out: 

RIGHT  B 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

11 

X3/CSEL0 

OC: 

LEFT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0 

OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

14 

X3/CSEL1 

OEN: 

LEFT  Pins  n/a  0 

OENA 

0 

OENB 

0 

OENC 

1 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

18 

•> 

15 

X3/CSEL2 

Inv: 

LEFT  Pins  n/a  0 

INVA 

0 

INVB 

0 

IN  VC 

1 

INVD 

0 

INVE 

0 

INVF 

1 

INVG 

0 

18 

-> 

16 

X3/CSEL3 

LTERM3  Program  0  0 

0' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

17 

X3/CSEL4 

LTERH2  Program  D  0 

D' 

1 

E 

0 

E' 

1 

F 

0 

F' 

0 

G 

0 

G' 

0 

80 

-> 

18 

X3/CSEL5 

LTERH1  Program  A  0 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

0 

19 

X3/CSEL6 

LTERMO  Program  A  0 

A' 

1 

B 

0 

B' 

1 

C 

0 

C' 

0 

D 

0 

D' 

0 

80 

-> 

20 

X5/CSEL0 

OC:RIGHT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0 

OCLC 

0 

OCLD 

D 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

21 

X5/CSEL1 

OEN: 

RIGHT  Pins  n/a  0 

OENA 

0 

OENB 

0 

OENC 

1 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

18 

•> 

22 

X5/CSEL2 

Inv: 

RIGHT  Pins 

n/a  0 

INVA 

0 

INVB 

0 

INVC 

1 

INVD 

0 

INVE 

0 

INVF 

1 

INVG 

0 

18 

•> 

23 

X5/CSEL3 

RTERM3  Program  D  0 

D' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

24 

XS/CSEL4 

RTERM2  Program  0  0 

D' 

1 

E 

0 

E' 

1 

F 

0 

F' 

0 

G 

0 

G' 

0 

80 

-> 

25 

X5/CSEL5 

RTERM1  Program  A  0 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

0 

26 

X5/CSEL6 

RTERMO  Program  A  0 

A' 

1 

B 

0 

B' 

1 

C 

0 

C' 

0 

D 

0 

D' 

0 

80 

-> 

27 

185 
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SECT1 
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SECT2 
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7420 
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P  1  NEL  — 

1  2 

P  INBR-^ 
P  I  NAR  — 

V>2-p  I  nFR 

Figure  46.  Emulation  Target  7420  Diagram. 


Table  13.  Emulation  Target  7420  Program  Table. 


Program  Sheet  for:  7420 


GPU7 

GPU6 

GPUS 

GPU4 

GPU3 

GPU2 

GPU1 

GPUO 

-> 

LABEL 

DESCRIPTION 

SRB35 

34 

33 

32 

31 

30 

29 

28 

GPU 

SEL 

LGOUPBL 

Out 

LEFT  B 

RT3=  0 

RT2= 

0 

RT1  = 

U 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

0 

LGOUPDL 

Out 

LEFT  0 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

1 

LGOUPFL 

Out 

LEFT  F 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

1 

LT1  = 

0 

LT2= 

1 

LT3= 

0 

10 

-> 

2 

LGOUPGR 

Out 

RIGHT  G 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

6 

LGOUPER 

Out 

RIGHT  E 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

5 

LGOUPCR 

Out 

RIGHT  C 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

4 

LGOUPAR 

Out 

RIGHT  A 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

3 

LGOUPAL 

Out 

LEFT  A 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

7 

LGOUPCL 

Out 

LEFT  C 

RT3«  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

8 

LGOUPEL 

Out 

LEFT  E 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

9 

LGOUPGL 

Out 

LEFT  G 

RT3*  0 

RT2* 

0 

RT1* 

0 

RT0» 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

10 

LGOUPFR 

Out 

RIGHT  F 

RT3=  0 

RT2= 

1 

RT1* 

0 

RT0= 

1 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

80 

-> 

13 

LGOUPDR 

Out 

RIGHT  D 

RT3=  0 

RT2= 

0 

RT1  = 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

12 

LGOUPBR 

Out 

RIGHT  B 

RT3=  0 

RT2= 

0 

RT1= 

0 

RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

11 

X3/CSEL0  OC: 

LEFT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0 

OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

14 

X3/CSEL1 

OEN 

LEFT  Pins 

n/a  0 

OENA 

0 

OENB 

0 

OENC 

0 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

2 

-> 

15 

X3/CSEL2 

Inv 

LEFT  Pins  n/a  0 

INVA 

0 

INVB 

0 

INVC 

0 

INVD 

0 

INVE 

0 

INVF 

0 

INVG 

0 

0 

16 

X3/CSEL3 

LTERH3  Program  D  0 

D' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

17 

X3/CSEL4 

LTERM2  Program  D  0 

0' 

1 

E 

0 

E' 

1 

F 

0 

F' 

0 

G 

0 

G' 

0 

80 

-> 

18 

X3/CSEL5 

LTERM1  Program  A  0 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

0 

19 

X3/CSEL6  LTERHO  Program  A  0 

A' 

1 

B 

0 

B' 

1 

C 

0 

C' 

0 

D 

0 

D' 

0 

80 

-> 

20 

X5/CSEL0  0C:RIGHT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0 

OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

21 

X5/CSEL1 

OEN 

RIGHT  Pins  n/a  0 

OENA 

0 

OENB 

0 

OENC 

0 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

2 

-> 

22 

X5/CSEL2 

Inv 

RIGHT  Pins  n/a  0 

INVA 

0 

INVB 

0 

INVC 

0 

INVD 

0 

INVE 

0 

INVF 

0 

INVG 

0 

0 

23 

XS/CSEL3  RTERM3  Program  0  0 

D' 

0 

E 

0 

E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

24 

X5/CSEL4  RTERM2  Program  D  0 

0' 

1 

E 

0 

E' 

1 

F 

0 

F' 

0 

G 

0 

G' 

0 

80 

-> 

25 

X5/CSEL5  RTERM1  Program  A  0 

A' 

0 

B 

0 

B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

0 

26 

X5/CSEL6  RTERNO  Program  A  0 

A' 

1 

B 

0 

B' 

1 

C 

0 

C' 

0 

D 

0 

D' 

0 

80 

-> 

27 

186 


Table  14. 


Emulation  Target  7427  Program  Table. 


Program  Sheet  for: 7427 


GPW7 

GPU6 

GPW5 

GPW4 

GPW3 

GPW2 

GPU1 

GPUO 

-> 

LABEL 

DESCRIPTION 

SRB35 

34 

33 

32 

31 

30 

29 

28 

GPU 

SEL 

LGOUPBL 

Out 

LEFT  B 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

0 

LGOUPOL 

Out 

LEFT  D 

RT3-  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

1 

LGOUPFL 

Out 

LEFT  F 

RT3=  0 

RT2= 

0 

RT1= 

0  RT0= 

0 

LT0= 

0 

LT1  = 

1 

LT2= 

1 

LT3= 

0 

6 

-> 

2 

LGOUPGR 

Out 

RIGHT  G 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LTO* 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

6 

LGOUPER 

Out 

RIGHT  E 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

5 

LGOUPCR 

Out 

RIGHT  C 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2« 

0 

LT3= 

0 

0 

4 

LGOUPAR 

Out 

RIGHT  A 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0» 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

3 

LGOUPAL 

Out 

LEFT  A 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

7 

LGOUPCL 

Out 

LEFT  C 

RT3=  0 

RT2= 

0 

RT1* 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2* 

0 

LT3= 

0 

0 

8 

LGOUPEL 

Out 

LEFT  E 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

9 

LGCXJPGL 

Out 

LEFT  G 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

10 

LGOUPFR 

Out 

RIGHT  F 

RT3=  0 

RT2= 

1 

RT1  = 

1  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

96 

-> 

13 

LGOUPDR 

Out 

RIGHT  0 

RT3=  0 

RT2= 

0 

RT1  = 

0  RT0= 

0 

LT0= 

0 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

0 

12 

LGOUPBR 

Out 

RIGHT  B 

Rij-  0 

RT2= 

0 

RT1  = 

u  RT0= 

1 

LT0= 

1 

LT1  = 

0 

LT2= 

0 

LT3= 

0 

24 

•> 

11 

X3/CSEL0  OC: 

LEFT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0  OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

14 

X3/CSEL1 

OEN 

LEFT  Pins 

n/a  0 

OENA 

0 

OENB 

0  OENC 

0 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

2 

-> 

15 

X3/CSEL2 

Inv 

LEFT  Pins 

n/a  0 

INVA 

0 

INVB 

0  INVC 

0 

INVD 

0 

INVE 

0 

INVF 

1 

INVG 

0 

2 

-> 

16 

X3/CSEL3  LTERM3  Program  0  0 

D' 

0 

E 

0  E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

17 

X3/CSEL4  LTERM2  Program  0  0 

D' 

0 

E 

1  E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

32 

-> 

18 

X3/CSEL5 

LTERM1  Program  A  0 

A' 

0 

B 

0  B' 

0 

C 

1 

C' 

0 

D 

1 

D' 

0 

10 

-> 

19 

X3/CSEL6  LTERHO  Program  A  1 

A' 

0 

B 

1  B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

160 

-> 

20 

X5/CSEL0  OC:RIGHT  Pins 

n/a  0 

OCLA 

0 

OCLB 

0  OCLC 

0 

OCLD 

0 

OCLE 

0 

OCLF 

0 

OClG 

0 

0 

21 

X5/CSEL1 

OEN 

RIGHT  Pins 

n/a  0 

OENA 

0 

OENB 

1  OENC 

0 

OEND 

0 

OENE 

0 

OENF 

1 

OENG 

0 

34 

-> 

22 

X5/CSEL2 

Inv 

RIGHT  Pins 

n/a  0 

INVA 

0 

INVB 

1  INVC 

0 

INVD 

0 

INVE 

0 

INVF 

1 

INVG 

0 

34 

-> 

23 

X5/CSEL3  RTERM3  Program  0  0 

D' 

0 

E 

0  E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

0 

24 

X5/CSEL4  RTERM2  Program  0  0 

D' 

0 

E 

1  E' 

0 

F 

0 

F' 

0 

G 

0 

G' 

0 

32 

-> 

25 

X5/CSEL5 

RTERM1  Program  A  0 

A' 

0 

B 

0  B' 

0 

C 

1 

C' 

0 

D 

1 

D' 

0 

10 

-> 

26 

X5/CSEL6  RTERMO  Program  A  1 

A' 

0 

B 

0  B' 

0 

C 

0 

C' 

0 

D 

0 

D' 

0 

128 

-> 

27 

187 


gram. 


Table  15.  Emulation  Target  74S133  Program  Table. 


Program  Sheet  for:  74S133 


GPU7 

GPU6 

GPUS 

GPU4 

GPU3 

GPU2 

GPU1 

GPWO 

-> 

LABEL 

DESCRIPTION 

SRB35 

34 

33 

32 

31 

30 

29 

28 

GPU 

SEL 

LGOUPBL 

Out: 

LEFT  B 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RT0= 

0  LTO* 

0 

LT1* 

0 

LT2* 

0 

LT3* 

0 

0 

0 

LGOUPOL 

Out: 

LEFT  0 

RT3» 

0 

RT2= 

0 

RT1  = 

0 

RT0= 

0  LTO* 

0 

LT1* 

0 

LT2* 

0 

LT3* 

0 

0 

1 

LGOUPFL 

Out: 

LEFT  F 

RT3» 

0 

RT2» 

0 

RT1» 

0 

RTO* 

0  LTO* 

0 

LT1* 

0 

LT2* 

0 

LT3* 

0 

0 

2 

LGOUPGR 

Out: 

RIGHT  G 

RT3s 

0 

RT2= 

1 

RT1  = 

0 

RTO* 

1  LTO* 

1 

LT1* 

0 

LT2* 

1 

LT3* 

0 

90 

•> 

6 

LGOUPER 

Out: 

RIGHT  E 

RT3» 

0 

RT2« 

0 

RT1* 

0 

RT0» 

0  LTO* 

0 

LT1* 

0 

LT2* 

0 

LT3* 

0 

0 

5 

LGOUPCR 

Out: 

RIGHT  C 

RT3* 

0 

RT2» 

0 

RT1» 

0 

RTOs 

0  LTO* 

0 

LT1* 

0 

LT2* 

0 

LT3* 

0 

0 

4 

LGOUPAR 

Out: 

RIGHT  A 

RT3a 

0 

RT2= 

0 

RT1» 

0 

RTO* 

0  LTO* 

0 

LT1* 

0 

LT2* 

0 

LT3* 

0 

0 

3 

LGOUPAL 

Out: 

LEFT  A 

RT3* 

0 

RT2= 

0 

RT1  = 

0 

RTO* 

0  LTO* 

0 

LT1* 

0 

LT2* 

0 

LT3* 

0 

0 

7 

LGOUPCL 

Out: 

LEFT  C 

RT3» 

0 

RT2= 

0 

RT1* 

0 

RTO* 

0  LTO* 

0 

LTI* 

0 

LT2* 

0 

LT3* 

0 

0 

8 

LGOUPEL 

Out: 

LEFT  E 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RTO* 

0  LTO* 

0 

LT1* 

0 

LT2* 

0 

LT3* 

0 

0 

9 

LGOUPGL 

Out: 

LEFT  G 

RT3= 

0 

RT2= 

0 

RT1  = 

0 

RTO* 

0  LTO* 

0 

LTI* 

0 

LT2* 

0 

LT3* 

0 

0 

10 

LGOUPFR 

Out: 

RIGHT  F 

RT3* 

0 

RT2* 

0 

RT1  = 

0 

RTO* 

0  LTO* 

0 

LTI* 

0 

LT2* 

0 

LT3* 

0 

0 

13 

LGOUPOR 

Out: 

RIGHT  J 

RT3* 

0 

RT2= 

0 

RT1  = 

0 

RTO* 

0  LTO* 

0 

LTI* 

0 

LT2* 

0 

LT3* 

0 

0 

12 

LGOUPBR 

Out: 

RIGHT  B 

RT3* 

0 

RT2* 

0 

RT1= 

0 

RTO* 

0  LTO* 

0 

LTI* 

0 

LT2* 

0 

LT3* 

0 

0 

11 

X3/CSEL0  OC: 

LEFT  Pins 

n/a 

0 

OCLA 

0 

OCLB 

0 

OCLC 

0  OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

14 

X3/CSEL1 

OEN: 

LEFT  Pins  n/a 

0 

OENA 

0 

OENB 

0 

OENC 

0  OEND 

0 

OENE 

0 

OENF 

0 

OENG 

0 

0 

15 

X3/CSEL2 

Inv: 

LEFT  Pins 

n/a 

0 

INVA 

0 

INVB 

0 

INVC 

0  INVD 

0 

INVE 

0 

INVF 

0 

INVG 

0 

0 

16 

X3/CSEL3  LTERM3  Program  0 

0 

O' 

0 

E 

0 

E' 

0  F 

0 

F' 

0 

G 

0 

G' 

0 

0 

17 

X3/CSEL4  LTERH2  Program  0 

0 

0' 

1 

E 

0 

E' 

1  F 

0 

F' 

1 

G 

0 

G' 

1 

8S 

•> 

18 

X3/CSEL5 

LTERM1  Program  A 

0 

A' 

0 

B 

0 

B' 

0  C 

0 

C' 

0 

0 

0 

D' 

0 

0 

19 

X3/CSEL6  LTERMO  Program  A 

0 

A' 

1 

B 

0 

B' 

1  C 

0 

C' 

1 

D 

0 

D' 

1 

85 

-> 

20 

X5/CSEL0  0C:R1GHT  Pins 

n/a 

0 

OCLA 

0 

OCLB 

0 

OCLC 

0  OCLD 

0 

OCLE 

0 

OCLF 

0 

OCLG 

0 

0 

21 

X5/CSEL1 

OEN: 

RIGHT  Pins  n/a 

0 

OENA 

0 

OENB 

0 

OENC 

0  OEND 

0 

OENE 

0 

OENF 

0 

OENG 

1 

1 

-> 

22 

X5/CSEL2 

InviRIGHT  Pins 

n/a 

0 

INVA 

0 

INVB 

0 

INVC 

0  INVD 

0 

INVE 

0 

INVF 

0 

INVG 

0 

0 

23 

XS/CSEL3  RTERM3  Program  0 

0 

0' 

0 

E 

0 

E' 

0  F 

0 

F' 

0 

G 

0 

G' 

0 

0 

24 

XS/CSEL4  RTERM2  Program  D 

0 

0' 

1 

E 

0 

E' 

1  F 

0 

F' 

1 

G 

0 

G' 

0 

84 

-> 

25 

X5/CSELS  RTERH1  Program  A 

0 

A' 

0 

B 

0 

B' 

0  C 

0 

C' 

0 

D 

0 

D' 

0 

0 

26 

X5/CSEL6  RTERHO  Program  A 

0 

A' 

1 

B 

0 

B' 

1  C 

0 

C' 

1 

D 

0 

0' 

1 

85 

-> 

27 

188 


Appendix  J:  Results  of  VHDL  Tests 
For  Microcircuit  2. 
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Table  16.  VHDL  Test  Results  for  Emulation  Target  7400 


INPUT 

IN] 

PUT 

IN] 

PUT 

IN] 

PUT 

OUT] 

PUTS 

BL 

AL 

EL 

DL 

BR 

AR 

ER 

DR 

FL 

CR 

FR 

0 

0 

0 

0 

B 

0 

0 

0 

B 

B 

B 

B 

B 

B 

0 

B 

B 

B 

0 

B 

B 

B 

B 

B 

B 

0 

B 

0 

B 

0 

9 

0 

B 

B 

B 

B 

B 

B 

B 

B 

B 

m 

la 

B 

nr 

0 

0 

0 

Table  17.  VHDL  Test  Results  for  Emulation  Target  7403. 


INPUT 

INPUT 

INPUT 

INPUT 

OUTPUTS 

BL 

AL 

EL 

DL 

BR 

AR 

ER 

DR 

CL 

FL 

CR 

FR 

0 

0 

0 

0 

0 

0 

0 

0 

Z 

Z 

Z 

Z 

0 

B 

0 

B 

0 

B 

0 

B 

Z 

Z 

Z 

Z 

B 

0 

B 

0 

B 

0 

B 

0 

Z 

Z 

Z 

Z 

1 

1 

1 

1 

1 

1 

B 

1 

0 

0 

0 

0 

Table  18.  VHDL  Test  Results  for  Emulation  Target  7404 


IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

ER 

FR 

CR 

n 

AR 

BR 

EL 

FL 

CL 

DL 

AL 

BL 

0 

1 

0 

1 

0 

1 

0 

1 

B 

1 

B 

1 

0 

1 

0 

1 

0 

1 

B 

1 

B 

1 

1 

0 

0 

1 

0 

1 

s 

1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

B 

1 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

B 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 
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Table  19.  VHDL  Test  Results  for  Emulation  Target  7408. 
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Table  20.  VHDL  Test  Results  for  Emulation  Target  7420 


1  INPUT 
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Table  21.  VHDL  Test  Results  for  Emulation  Target  7427. 


Table  22.  VHDL  Test  Results  for  Emulation  Target  74S133. 
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Appendix  K:  Test  Cell  Test  Data 
for  Microcircuit  1. 
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Table  23.  Microcircuit  1,  Sample  #1,  Programming  Results 
with  +14  Volts  VPP+  and  0  Volts  Control  Gate  Potential. 


AREA 

576 

256 

256 

144 

64 

64 

16 

16 

ID 

TCELL2 

TCELL3 

TCELL4 

TCELL5 

TCELL7 

TCELL8 

TCELL9 

TCELL10 

0 

7.90 

7.00 

7.90 

7.80 

7.00 

8.10 

8.40 

8.30 

1 

4.00 

1.90 

1.80 

4.50 

4.20 

2.50 

6.70 

4.80 

2 

3.60 

1.10 

1.30 

3.90 

3.70 

2.00 

6.10 

4.30 

5 

2.90 

0.50 

0.85 

3.30 

3.00 

1.45 

5.30 

3.50 

10 

2.50 

0.00 

0.60 

2.70 

2.60 

1.10 

4.70 

3.00 

20 

2.10 

-0.30 

0.30 

2.30 

2.30 

0.80 

4.20 

2.30 

50 

1.60 

-0.60 

-1.60 

1.90 

1.70 

0.40 

3.50 

1.50 

100 

1.30 

-0.80 

-0.40 

1.70 

1.40 

0.15 

3.00 

1.00 

200 

1.00 

-1.05 

-0.65 

1.30 

1.00 

-0.15 

2.50 

0.40 

500 

0.70 

-1.40 

-0.90 

1.00 

0.60 

-0.50 

1.90 

-0.20 

1000 

0.35 

-1.60 

-1.20 

0.80 

0.30 

-0.70 

1.50 

-0.70 

TIME 

(mS) 

Chip 
«  1 

B 

14 

B 

0 

VPP-  s  14  V  a  VG  8  V  and  200  mSec  Erase 
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Table  24.  Microcircuit  1,  Sample  #1,  Programming  Results 
with  +14.6  Volts  VPP+  and  0  Volts  Control  Gate  Potential. 
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Table  25.  Microcircuit  1,  Sample  #1,  Programming  Results 
with  +15.25  Volts  VPP+  and  +8  Volts  Control  Gate  Poten¬ 
tial. 
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Table  26.  Microcircuit  1,  Sample  #1,  Programming  Results 
with  +15.25  Volts  VPP+  and  0  Volts  Control  Gate  Potential. 
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Table  27.  Microcircuit  1,  Sample  #1,  Programming  Results 
with  +14.6  Volts  VPP+  and  +8  Volts  Control  Gate  Potential. 
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Table  28.  Microcircuit  l,  Sample  #1,  Programming  Results 
with  +14  Volts  VPP+  and  +8  Volts  Control  Gate  Potential. 


AREA 

576 

256 

256 

144 

64 

64 

16 

16 

ID 

TCELL2 

TCELL3 

TCELL4 

TCELL5 

TCELL7 

TCELL8 

TCELL9 

TCELL10 

0 

8.10 

7.00 

7.70 

>8.4 

7.00 

7.50 

>8.4 

8.30 

1 

8.10 

6.90 

7.70 

>8.4 

7.00 

7.50 

>8.4 

8.30 

2 

8.10 

6.90 

7.70 

>8.4 

7.00 

7.50 

>8.4 

8.30 

5 

8.10 

6.90 

7.70 

>8.4 

7.00 

7.50 

>8.4 

8.30 

10 

8.10 

6.80 

7.60 

>8.4 

7.00 

7.50 

>8.4 

8.30 

20 

8.10 

6.80 

7.50 

>8.4 

7.00 

7.50 

>8.4 

8.30 

so 

8.05 

6.70 

7.40 

>8.4 

7.00 

7.50 

>8.4 

8.20 

100 

8.05 

6.60 

7.30 

>8.4 

7.00 

7.45 

>8.4 

8.05 

200 

8.05 

6.50 

7.10 

>8.4 

7.00 

7.40 

>8.4 

7.85 

500 

8.00 

6.40 

6.90 

>8.4 

7.00 

7.20 

>8.4 

7.50 

1000 

7.90 

6.25 

6.75 

>8.4 

7.00 

7.10 

>8.4 

7.20 

TIME 

(mS) 

Chip 
#  1 

14 

■ 

8 

VPP-  s  U  V  a  VO  8  V  and  200  tnSec  Erase 
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Table  29.  Microcircuit  1,  Sample  #3,  Programming  Results 
with  +12.75  Volts  VPP+  and  0  Volts  Control  Gate  Potential. 
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Table  30.  Microcircuit  1,  Sample  #3,  Programming  Results 
with  +12.75  Volts  VPP+  and  +7  Volts  Control  Gate  Poten¬ 
tial  . 
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Table  31.  Microcircuit  1,  Sample  #4,  Programming  Results 
with  +14.6  Volts  VPP+  and  0  Volts  Control  Gate  Potential. 
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Table  32.  Microcircuit  1,  Sample  #4,  Programming  Results 
with  +14.6  Volts  VPP+  and  0  Volts  Control  Gate  Potential, 
Second  Run. 


AREA 

576 

256 

256 

144 

64 

64 

16 

16 

ID 

TCELL2 

TCELL3 

TCELL4 

TCELL5 

TCELL7 

TCELL8 

TCELL9 

TCELL10 

0 

7.30 

7.60 

7.15 

8.40 

8.30 

6.50 

8.00 

7.70 

1 

O.AO 

1.80 

3.00 

2.25 

0.40 

-1.40 

-3.10 

-1.60 

2 

-0.30 

1.00 

2.50 

1.70 

-0.30 

-2.15 

-4.00 

-2.65 

5 

-0.80 

1.90 

1.90 

1.00 

-0.95 

-2.75 

-4.70 

-3.50 

10 

-1.10 

1.55 

1.55 

0.60 

-1.40 

-3.10 

-5.15 

-4.20 

20 

-1.40 

1.20 

1.20 

0.20 

-1.75 

-3.40 

-5.50 

-4.65 

50 

-1.80 

0.75 

0.75 

-0.30 

-2.20 

-3-80 

-5.90 

-5.00 

100 

-2.10 

0.45 

0.45 

-0.60 

-2.55 

-4.00 

-5.50 

-5.40 

200 

-2.50 

1.00 

0.10 

-0.95 

-2.90 

-4.20 

-5.85 

-5.50 

500 

-2.75 

-0.30 

-0.30 

-1.25 

-3.30 

-4.70 

-6.00 

-5.75 

1000 

-2.90 

-0.65 

-0.65 

-1.45 

-3.55 

-5.00 

-5.80 

-6.00 
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Table  33.  Microcircuit  1,  Sample  #4,  Programming  Results 
with  +14.6  Volts  VPP+  and  8  Volts  Control  Gate  Potential. 


206 


Table  34.  Microcircuit  1,  Sample  #4,  Programming  Results 
with  +14.0  Volts  VPP+  and  8  Volts  Control  Gate  Potential. 
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Table  35.  Microcircuit  l.  Sample  #4,  Programming  Results 
with  +14.0  Volts  VPP+  and  0  Volts  Control  Gate  Potential. 
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Table  36.  Microcircuit  1,  Sample  #4,  Programming  Results 
with  +12.75  Volts  VPP+  and  0  Volts  Control  Gate  Potential. 
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Table  37.  Microcircuit  1,  Sample  #4,  Programming  Results 
with  +12.75  Volts  VPP+  and  7  Volts  Control  Gate  Potential. 
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Table  38.  Microcircuit  1,  Sample  #6,  Programming  Results 
with  +12.75  Volts  VPP+  and  7  Volts  Control  Gate  Potential. 
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Table  39.  Microcircuit  l,  Sample  #6,  Programming  Results 
with  +12.75  Volts  VPP+  and  0  Volts  Control  Gate  Potential. 
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Appendix  L:  Microcircuit  2  Test 
Fixture  Schematic  Diagram. 
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Appendix  M:  Microcircuit  2  Test 
Fixture  Control  Program. 
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proflram  chipZ; 

<  Pr^raM  Mane:  CHIP2 

Written  By:  Joseph  V.  Breen 

Date  Last  Modified:  Novenber  1,  1991 

Purpose:  Provides  a  menu  driven  interface  which 

controls  the  test  fixture  for  Microcircuit  2. 

Functions  to  load  the  shift  register,  program  the  cells, 
and  erase  all  cells  are  provided. 

> 

const 

{  Masks  For  Data  Bits  Of  Printer  Port  Byte  } 
highvdd:  byte  «  1; 
ph2:  byte  «  2; 
phi:  byte  »  4; 
sdat:  byte  a  8; 
enera:  byte  »  16; 
enpro:  byte  «  32; 
operate:byte  ■  64; 
addrs:  integer  >  $378; 
stadr:  integer  a  $379; 
pulse_addr:  integer  a  $37a; 
strobeoff:  byte  a  $0a; 
strobeon:  byte  a  sob; 

VAR 

itemp:  integer; 

i,CT,  ppct,  word  count,  1PU1,  IPWO  :  integer; 
temp:  BYTE; 
temp2  :  byte; 
ch:  char; 

istrg:  stringC20]; 
fname:  stringC20]; 

TPU,pw4,pu3,pw2,pMl,pwO  :  BYTE; 

Program_Uords  :text; 

procedure  putdat(databyte  :  byte); 
begin 

portladdrsl  :>  databyte; 
end; 

procedure  ordat(odata  :  byte); 

VAR 

obyte  :  byte; 
begin 

obyte  :a  port [addrs]; 
obyte  :a  obyte  or  odata; 
port [addrs]  :a  obyte; 
end; 

procedure  anddst(odata  :  byte); 

VAR 

obyte  :  byte; 
begin 

obyte  :a  port [addrs]; 
obyte  :a  obyte  and  not  odata; 
port [addrs]  :a  obyte; 
end; 

Procedure  toggUodata  :  byte); 
begin 

ordat(odata); 

anddst(odats); 

end; 

FUNCTION  HCHARCinchr: INTEGER)  :  CHAR; 
begin 

CASE  INCHR  OF 
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0  :  HCHAR 

m  >0' 

1  :  HCHAR 

»  '1' 

2  :  HCHAR 

X  /2' 

3  :  HCHAR 

X  »3' 

4  :  HCHAR 

X  »4' 

5  :  HCHAR 

X  'S< 

6  :  HCHAR 

X  *6' 

7  :  HCHAR 

X  '7> 

8  :  HCHAR 

X  »8' 

9  :  HCHAR 

X  '9' 

10  :  HCHAR 

=  'A' 

11  :  HCHAR 

X  »B' 

12  :  HCHAR 

X  >c> 

13  :  HCHAR 

X  'O' 

U:  HCHAR  :>  'E'; 

15  :  HCHAR  :=  'F'; 

ELSE  UR1TELN('HCHAR  ERROR  MM'.INCHR); 
end; 

end; 

procedure  writehex(hexchars  :  byte); 
var 

tcharh  :  char; 
begin 

tcharh  i^HChARChexchars  div  16); 
urite(tcharh); 

tcharh  :=HChAR(hexchars  mod  16); 
write(tcharh); 

end; 

Procedure  get_integer(var  inumb:  integer); 
var 

icode  :  integer  ; 
instg  :  stringCZO); 
tenpint  :  integer; 
begin 

icode  :>  1; 
writeln("  ); 
repeat 

write<' enter  nuiPer  :'); 
readln( instg); 
val ( instg, tempint, icode); 
if (icode  <>  0)  then 
begin 

writelnt'bad  integer.  Try  again.'); 
end; 

until  icode  =  0; 

write(' integer  '.tempint,'  entered'); 
inuit)  tempint; 
end; 

Procedure  get_byte(var  ibyte:  byte); 
var 

icode  :  integer  ; 
instg  :  string(20]; 
tempint  :  integer; 
begin 

icode  :>  1; 
writelnC"); 

repeat 

writeCenter  byte  :'); 
read I n( instg); 
va I ( i nstg , tempi nt , i code) ; 
if (icode  <>  0)  then 
begin 

Hriteln('bad  number.  Try  again.'); 
end; 
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if  (tenpint  >  255)  then 
begin 

writeln( 'Maximum  exceeded.  Maximum  is  255  for  a  Byte  value.  Try  again.'); 
icode  :31; 
end; 

until  icode  =  0; 
ibyterstempint; 

write('Byte  :  '.ibyte,'  entered'); 
end; 

Procedure  clok; 
begin 

toggUphI); 

toggl(ph2); 

end; 

procedure  pulse(pulse_count  :  integer); 
begin 

for  CT  :=  1  to  pulse_count  do 
begin 

port[pulse_addr]  strobeon; 
delay(l); 

portCpulse_addr]  :=  strobeoff; 
sound(1200T; 
delay(15); 
nosou^; 

end; 

end; 

procedure  urprogud; 
begin 

clok; 

temp  :=  puO; 

for  I  ;=  1  to  8  do 

begin 

if  ((temp  mod  2)  »  1)  then  anddat(sdat) 

else  ordat(sdat); 

clok; 

temp  temp  div  2; 
end; 

temp  pul; 

for  I  1  to  8  do 

begin 

if  ((temp  mod  2)  1)  then  anddat(sdat) 

else  ordat(sdst); 

clok; 

temp  temp  div  2; 
end; 

temp  pu2; 

for  I  1  to  8  do 

begin 

if  ((temp  mod  2)  -  1)  then  anddat(sdat) 

else  ordat(sdat); 

clok; 

temp  :=  temp  div  2; 
end; 

temp  pw3; 

for  I  :=  1  to  8  do 

begin 

if  ((temp  mod  2)  »  1)  then  anddat(sdat) 

else  ord8t(sdat); 

clok; 

temp  temp  div  2; 
end; 

temp  pw4; 

for  I  :>  1  to  4  do 

begin 
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if  ((te«p  nod  2)  >  1)  then  anddat(sdat> 

else  or^t(sdat); 

clok; 

tenp  :s  temp  div  2; 
end; 

Hriteln("); 

write  ('Program  Uord  '); 

writehex(pw4); 

writehex(pw3); 

writehex(pw2); 

writehex(pwl); 

writehex(pwO); 

writelnC  (hex)  is  written'); 

end; 


Procedure  pmenu; 
begin; 

writeln('  Action  Menu  For  Microcircuit  2  Test  Program.'); 

writeln("); 

writeln('  A  Set  Operate  True'); 

writeln('  B  Set  O^rate  False'); 

writeln('  C  Clock  Multiple  Times  (Prompt  For  Nunber)'); 

writeln('  0  Default  Signals  (All  zeros)'); 

writeln('  E  Set  ENERA  true  and  Program  false'); 

writeln('  F  Set  Program  True,  ENERA  False.'); 

writeln('  L  Load  Byte  (8  bits)  into  Serial  Register  (Prompt  For  Byte)'); 

writeln('  M  Load  Lower  n  bits  of  Byte  into  Serial  Register  (Prompt  for  Byte  &  #)  '); 

writeln('  P  Pulse  One  Time  (VD0+  or  VDD-  pulse  if  ENPRO  or  ENERA  true'); 

writeln('  0  Quit  Program'); 

writeln('  R  Reset  Serial  Input  Data  to  O'); 

writeln('  S  Set  Serial  Input  Data  to  1'); 

writeln('  T  Single  Tick  of  Phase  1  Then  Phase  2  Clocks'); 

writeln('  U  ERASE  (PHI  &  2  true,  Input  =  1,  20  VPP-  pulses'); 

writeln('  W  Load  Program  Uord  X  Get  and  Store  Prog.  Uord'); 

writeln('  Y  Set  Phi  &  Ph2  False(Oflt)  Z  Set  Phi  &  Ph2  True'); 

writeln('  0  Set  HIGHVDD  True  1  Set  HIGHVDD  False'); 

writeln('  2  Get  Filename  3  Set  Program  Pulse  Count'); 

writeln('  4  Program  Pulses  S  Program  Uith  File  Data'); 

end; 


begin 
putdat(O); 
ppct  :=  10; 

URITELN; 

URITELN('  TEST  PROGRAM  FOR  MICROCIRCUIT  2  '); 

URITELN('  November  1,  1991  VI. 2  '); 

URITELN('  Uritten  By:  i.  Breen,  AFIT  EN  '); 

URITELN; 

begin 

{Make  highvdd  false,  both  clocks  and  data  false> 
putdst(O); 
pmenu; 

repeat 

read(kbd,ch); 
ch  upcase(ch); 

write(ch); 

case  ch  of  {main  action  loop) 

'A'  :  begin 

ordat( operate); 
end; 

'B'  :  begin 
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anddat(operate); 

end; 

'C'  :  begin 

get_i  nteger(  i  te^) ; 

writeln('  Clocking  ',ite«np,  '  times.'); 
for  I  1  to  itemp  do  clok; 
uritelnl'Done.'); 
end; 

'D'  :  begin 

putdat(O);  {  Write  to  port  } 
end; 

'E'  :  begin 

anddatCenpro); 

ordat(enera); 

end; 

'F'  :  begin 

anddat(enera); 

ordat(enpro); 

end; 

'L'  :  begin 

get_byte(teiiip); 

Mritelnl*  Byte  Value  '.temp,  '  accepted.'); 

for  I  1  to  8  do 

begin 

if  ((temp  mod  2)  =  1)  then  ordat(sdat) 

else  anddat(sdat); 

clok; 

writelnltemp  mod  2); 
temp  :=  temp  div  2; 
end; 

writelnl'Done.'); 

end; 

•W  ;  begin 

writeln("); 

uritelnf'Hou  many  bits  of  data  do  you  want  to  load  (0  -  8)?'); 

get_byte<te(np); 

writelnl"); 

if  temp  <>  0  then 

begin 

temp  temp  -  1; 

temp  temp  mod  8; 

tenp2  :=  temp; 

writeln('Uhat  is  the  data  byte  to  be  used?'); 
get_by tel temp); 

Mritelnl'  Byte  Value  '.temp,  '  accepted.'); 

for  I  0  to  temp2  do 

begin 

if  ((temp  mod  2)  *  1)  then  ordat(sdat) 

else  anddatlsdat); 

clok; 

writeln(temp  mod  2); 
temp  :>  temp  div  2; 
end; 
end; 

writelnl'Oone.'); 

end; 

'P'  :  begin 

i  :=  1; 
pulse(i); 
end; 
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'Q'  <  do  nothing  -  going  to  quit> 

'R'  :  begin 

orclat(sdat);  <SOAT  is  inverted  S0IN> 
end; 

'S'  :  begin 

anddat(sdat);  {Inverted  SOIN> 
end; 

'T'  :  begin 
clok; 
end; 

'U'  :  begin 

putdat(0}; 

ordat(enera); 

ordat(phl); 

ordat(ph2); 

ordat(sdat); 

{SOAT  is  1,  SOIN  is  0,  all  cgates  are  1> 
delay(l); 
pulse(20}; 
putdat(O); 
ordat(operate); 
end; 


'U'  :  begin 

wrprogwd; 

end; 

'X'  :  begin 

uritelnl'  Use  $  for  Hexadecimal  entry  '); 
uritelnl'  Enter  Most  Sig.  Byte  of  Program  Word.'); 
get.bytelpwA); 

writelnl'  Enter  Second  Byte  of  Program  Word.'); 
Set_byte(pu3); 

writelnl'  Enter  Third  Byte  of  Program  Word.'); 
get.byte(pw2); 

writeln('  Enter  Fourth  Byte  of  Program  Word.'); 
get_byte<pHl); 

writelnl'  Enter  Least  Sig.  Byte  of  Program  Word.'); 

get_byte(pH0); 

vritelnl"); 

write  ('Program  Word  '); 

writehex(pwA); 

writehex(pw3); 

writehex(pw2); 

writehex(pwl); 

writehexfpwO); 

writelnC'  (hex)  is  entered'); 
end; 

'Y'  :  begin 

snddat(phl); 

anddat(ph2); 

end; 

'Z'  :  begin 

ordat(phl); 

ordat(ph2); 

end; 

'0'  :  begin 

ordat(highvdd); 

end; 
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M'  :  begin 

anddat(highvdd); 

end; 

•2'  :  begin 

Uriteln("); 

Write('enter  file  name:  '); 
read(fnaine); 

ass  i  gn(prograin_word8 ,  f  name) ; 
r eset ( pr ogr affl_words ) ; 
uritelnl"); 

uritelnl'File  '.fname,  '  is  selected'); 
end; 

'3'  :  begin 

writelnC  Enter  Nunber  of  Program  Pulses  to  Use'); 
get_i ntegerlppct ) ; 

Writelnl"); 

writelnl  ppct,  '  pulses  will  be  used  for  programming'); 
end; 

'4'  :  begin 

ordat(highvdd); 

ordat(enpro); 

pulse(ppct); 

anddat(highvdd); 

anddat(enpro); 

end; 

'5'  :  begin 

putdat(O); 

reset(program_Hords) ; 
r  ead(  prog  ram_uords ,  word_count ) ; 

Hriteln<");~ 

uriteln(Mord_count,  '  Program  Words'); 

for  CT  1  to  Hord.count  do 

begin 

read  ln(  program_words ) ; 
read(program_Uords, IPW1 , IPWO); 

Uriteln(");~ 

Writelnl'CPW  =  ',IPW1,  '  Select  =  '.IPWO); 

PW4  :=  IPWI  shr  4; 

PW3  ;=  0; 

PW2  :=  0; 

PW1  :=  0; 

PWO  :=  0; 

TPW  :=  1; 
case  IPWO  of 

0..7:  PWO  ;=  TPW  SHL  IPWO; 

8..  15;  PW1  :a  TPW  SHL  (IPWO  -  8); 

16..  23;  PW2  ;»  TPW  SHL  (IPWO  -  16); 

24..  27;  PW3  ;»  TPW  SHL  (IPWO  -  24); 

ELSE  Writeln( 'Select  out  of  range.'); 

end; 

PW3  PW3  OH  ((IPWI  shl  4)  and  Sff); 

wrprogwd; 

ordat(highvdd); 

ordat(enpro); 

pulse(ppct); 

anddat(highvdd); 

anddat(enpro); 

end; 

putdat(O); 

ordat(operate);  (set  operate  true} 


else  begin 
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sound(510}; 

clelay(300); 

nosound; 

uritelnC"); 

writeln('  Unrecognized  input  ',ch); 
pmenu; 
end; 

end; 

until  ((ch  =  'q')  or  (ch  *  '0')); 
end; 
end. 
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